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SIR: 

Prior to examination on the merits, please amend the above-identified application as 
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IN THE SPRCTFTGATTON 
Page 1, line 25, change "leak" to —leakage—. 
Page 2, line 1, change "leak" to —leakage—. 
Page 6, line 3, change "either" to -each of the-. 
Page 9, line 21, change "leak" to -leakage- (both occurrences); 

line 22, change "leak" to —leakage—; 

line 23, change "leak" to —leakage—. 
Page 10, line 8, change "Fig 80" to -Fig. 80--. 
Page 15, line 7, change "84" to -83-; 

line 8, change "84" to -83-. 
Page 16, line 15, change "rectangle" to -rectangular-; 



line 17, change "rectangle" to -rectangular--. 
Page 18, line 12, change "into" to -to-. 
Page 19, line 24, change "leak" to -leakage-. 
Page 20, line 4, change "steps" to -step-; 

line 22, change "to" to -of-; same line, delete "an"; 

line 25, change "leak" to —leakage—. 
Page 24, line 2, change "Ixls^Vcm^" to -IxlO^Vcm^-; 

line 3, change "either" to —each of the— . 
Page 25, line 12, change "into" to -to-; 

line 23, before "step" insert -a-. 
Page 26, line 5, before "step" insert —a—; 

line 13, before "step" insert -a—; 

line 20, before "step" insert —a—; 

line 23, before "step" insert —a—. 
Page 27, line 5, delete "since"; 

line 7, change "into" to —to—; 

line 18, change "she" to -the—. 
Page 28, line 17, change "leak" to -leakage-; 

line 20, change "leak" to —leakage—; 

line 21, change "leak" to —leakage—. 
Page 29, line 3, change "steps" to -step-; 

line 7, change "st" to —in—; 

line 18, delete "an"; 

line 20, delete "a" (first occurrence); 
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line 21 J change "nnicropsocessing" to —microprocessing--; 
line 22, change "IDEM" to -IEDM-, 
Page 30, line 3, change "to" to -of-; same line, delete "an". 

Page 34, line 11, change "A- A' line, B-B' line and C-C^ line" to -line A- A, line B-B' 
and line C-C'-. 

Page 36, line 24, change "rectangle" to -rectangular--. 
Page 37, line 1, change "rectangle" to -rectangular-. 
Page 38, line 4, change "261" to -75 1-; 

line 20, change "into" to —to—. 
Page 40, line 11, change "leak" to —leakage—; 

line 14, change "leak" to —leakage—; 

line 15, change "leak" to -leakage-. 
Page 41, line 10, change "leak" to -leakage- (both occurrences); same line, change 
"determines" to —determined—. 

Page 42, line 23, change "leak" to -leakage-; 

line 25, change "leak" to -leakage—. 
Page 43, line 1, change "break through to" to —breakthrough in—; 

line 2, change "leak" to -leakage-; 

line 25, delete "a" (both occurrence). 
Page 44, line 9, change "layer, the" to -layer. The-. 
Page 45, line 18, change "leak" to -leakage-; 

line 19, change "leak" to -leakage-; 

line 20, change "leak" to -leakage-; 

line 23, change "break through to" to -breakthrough in—; 



line 24, change "leak" to -leakage-. 
Page 46, line 9, delete "a" (both occurrences); 

line 18, change "layer, the" to —layer. The--. 
Page 47, line 2, change "layer, the" to —layer. The—. 
Page 48, line 12, change "leak" to -leakage—; 

line 13, change "leak" to —leakage-; 

line 15, change "leak" to —leakage—; 

line 18, change "leak" to —leakage—. 
Page 49, line 2, change "includes a first to a" to —include first- 
line 11, change "layer, the" to -layer. The-; 

line 20, change "layer, the" to —layer. The—. 
Page 50, line 20, change "leak" to —leakage—; 

line 22, change "leak" to —leakage—. 
Page 53, line 4, before "in" insert —relatively low—; 

line 9, change "are" to —is—. 
Page 54, line 1, change "a first to a" to —first to—. 
Page 55, line 1, delete "a"; 

line 2, delete "a" (first occurrence). 
Page 56, line 6, change "leak" to —leakage—. 
Page 61, line 3, change "A-A' line" to -line A- A'-; 

line 15, change "A-A line" to —line A-A—. 
Page 62, line 6, change "A-A line" to —line A-A—; 

line 9, change "A-A line" to —line A-A'—; 

line 19, change "thick" to —thicker—; 



line 23, change "excessive" to —excessively--. 
Page 67, lines 10-11, change "A-A' line, B-B' line and C-C line" to -line A-A', line 
B-B' and line C-C'-. 

Page 68, line 6, change "A-A' line" to— line A-A'—; 

lines 8-9, change "B-B' line" to-line B-B'-; 

line 9, change "C-C Une" to-line C-C'-; 

line 12, change "impurity dose" to —the impurity doses—. 
Page 71, line 6, change "42B" to -42 1-; 

line 12, change "layers 42 A - 42C" to -layer 42 1-. 
Page 72, lines 18, 19, 21 and 24, change "leak" to -leakage-. 
Page 73, line 18, delete "in" and change "leak" to -leakage-; 

line 23, change "of causes" to —cause of—. 
Page 74, line 10, change "prevents" to —prevent—. 
Page 76, line 13, change "22" to -72-. 

Page 80, line 10, change "A-A' line, B-B' line and C-C line" to -line A-A', line B-B' 
and line C-C-; 

line 24, change "A-A' line" to —line A-A'—. 
Page 81, line 2, change "B-B' line" to -line B-B'-; 

line 3, change "C-C line" to -line C-C-; 

line 10, change "A-A' line" to —line A-A'—. 
Page 83, line 2, after "120" (first occurrence) insert —is formed—; 

line 22, change "rectangle" to —rectangular—. 
Page 85, line 14, change "impurity" to —nitrogen—; 

Hne 16, change "421" to -28 1-. 



Page 86, line 2, change "280A" to -28 

Page 87, line 7, change "impurity" to --nitrogen--; 

lines 18, 21 and 25, change "leak" to -leakage- (all occurrences); 

line 23, change "impurity" to -nitrogen-. 
Page 88, line 16, change "stages" to -stage-; 

line 21, change "of causes" to —cause of—. 
Page 89, line 22, change "leak" to -leakage-. 

Page 93, line 2, change "SxlO^Vcm^" to -SxlO^Vcm^-; and change "Boron (B)" to 
-Phosphorous (P)— ; 

line 3, change "lOkeV" to -30keV-. 

Hne 9, change "A-A* line, B-B' line and C-C line" to -line A-A', line B-B^ 

and line C-C'-; 

line 21, change "C-C line" to -line C-C'-; 
line 22, change 'A-A line" to -line A-A-; 
Hne 23, change "B-B' line" to -line B-B'-. 
Page 94, line 4, change "A-A hne and B-B' line" to -line A-A and line B-B'-; 

line 6, change "A-A' line and the B-B' line" to -line A-A and the line B-B'- 
hne 8, change "C-C line" to -line C-C'-; 

line 1 1, change "A-A' line and the C-C line" to -line A-A and the line 

C-C'-. 

Page 98, lines 14, 16 and 19, change "leak" to -leakage- (all occurrences); 

line 10, change "thick" to -thicker-; 

line 24, change "of causes" to —cause of—. 
Page 99, line 24, change "she" to -the-. 



Page 100, line 16, change "53" to -76--. 
Page 101, line 1, change "53" to -76--. 

Page 103, line 14, change "A-A' line, B-B' line and C-C line" to -line A~A\ line B-B' 
and line C-C^-. 

Page 104, line 13, change "T71" to --T72-. 

Page 107, lines 5 and 7, change "rectangle" to —rectangular--. 

Page 1 10, line 25, change "thick" to -thicker-. 

Page 111, lines 6, 9 and 13, change "leak" to -leakage- (all occurrences). 
Page 112, line 4, change "stages" to -stage-; 

line 9, change "of causes" to —cause of—. 
Page 113, lines 16 and 21, change "transistors" to —transistor—. 
Page 1 15, line 1, delete "a" (second occurrence). 
Page 1 17, line 14, change "D-D' line" to -line D-D'-. 
Page 118, lines 2 and 11, change "thick" to -thicker-; 

line 3, change "high" to —higher—; 

line 10, change "Lloperates" to -LI operates—. 
Page 1 19, line 4, change "HI" to -LI-. 

Page 120, line 17, delete "which is not coated with the resist mask R14"; 

line 24, change "thick" to -thicker- and "high" to —higher—. 
Page 121, line 21, change "N40" to -N50-. 

Page 122, line 17, change "E-E line" to -line E-E'-; same line, change "64" to -70-; 
line 20, change "F-F' line" to -line F-F'-; 
line 25, change "thick" to —thicker—. 
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TN THE ABSTRACT 
Page 137, line 4, change "leak" to -leakage--, 

TN THE CLAIMS 
Please cancel claims 1-9 without prejudice. 
Please add new claims 14-15 as follows: 

-14. A method of manufacturing a semiconductor device in which there are first and 
second types of transistors formed on a single semiconductor substrate, comprising the steps 
of: 

(a) selectively forming a field oxide film on a main surface of said semiconductor 
substrate to thereby define first and second regions in which said first and said second types 
of transistors are formed; 

(b) forming an oxide film on said first and said second regions; and 

(c) forming a control electrode of a polysilicon layer ons aid first and said second 
regions, 

wherein said step (c) includes the steps of: 

(c-1) introducing an impurity of the same conductivity as a source/drain layer into said 
polysilicon layer within said first active region at a relatively low dose nl; and 

(c-2) introducing said impurity into said polysilicon layer within said second active 
region at a relatively high dose n2 while introducing nitrogen into a lower portion of said 
polysilicon layer within said second active region at a dose n3. 

15. The method of manufacturing a semiconductor device of claim 13, wherein said 
dose nl is 5 X lO^Vcm^ said dose n2 is 5 x lO^Vcm^ and said dose n3 is 1 x lO^Vcml- 
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REMARKS 



Favorable consideration of this application is respectfully requested. This application 
is a division of application Serial No. 08/958,546, which has been allowed. The present 
amendment implements the changes made to the specification and abstract during the 
prosecution of the prior application, cancels the claims elected in the prior application, and 
adds two new claims. Examination on the merits is in order, and an early and favorable 
decision is earnestly solicited. 



Respectfully submitted, 



OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Crystal Square Five - Fourth Floor 
1755 Jefferson Davis Highway 
Arlington, Virginia 22202 
(703) 413-3000 
(703)413-2220 (fax) 
GJM:CES:jfb 



Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 



Carl E. Schlier 
Registration No. 34,426 
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TITLE OF THE INVENTION 

Semiconductor Device And Method Of Manufacturing The Same 

BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention relates to a semiconductor device and a method of 

manufacturing the same, and more particularly, to a semiconductor device in which 

a plurality of types of transistors are formed within one chip and a method of 

manufacturing such a semiconductor device. 

Description of the Background Art 
10 As a semiconductor device in which a plurality of types of transistors (e.g., 

transistors having different required specifications from each other) are formed 

within one chip, the following four conventional examples will be described. 

<First Conventional Examplo 

<Overall Structure Of DRAM> 
15 First, as a first conventional example, a structure of a DRAM 600 in which 

a plurality of types of transistors are formed and a method of manufacturing the 

same will be described. The structure of the DRAM 600 (i.e., cell structure) is 

shown in Fig. 71. 

The DRAM 600 includes not only a memory cell array portion 601 for storing 
20 data, but also a peripheral circuit portion (i.e., an address buffer 602, an X decoder 
603, a Y decoder 604, a row/column clock portion 605, an I/O pass portion 606, 
a refresh portion 607), a sense amplifier portion 608, etc. 

Although any these portions are formed by transistors, characteristics required 
for these portions are different from each other. For instance, the memory cell 
25 array portion 601 only allows a low leak current, in order to prevent disappearance 



of data because of a leak current. Meanwhile, a high amount of current is 
demanded in the peripheral circuit portion so as to enable operations at a high 
speed. Further, to distinguish a high level from a low level, the sense amplifier 
portion 608 must operate at a voltage which is half that of the high level, for 
5 example. To this end, a transistor which is used for the sense amplifier portion 608 
must operate at a low voltage. In short, a plurality of types of transistors which 
have different characteristics from each other are needed within the DRAM which 
is formed as one chip. 

Comparing threshold values, for instance, a threshold value for a transistor of 
10 the memory cell array portion is about IV and a threshold value for transistors of 
the peripheral circuit portions are about 0.8V, while a threshold value for the 
transistor of the sense amplifier portion must be suppressed as low as 0.4V. 

<Structures Of The Respective Transistors> 

A conventional approach for forming these transistors which have different 
15 characteristics from each other within one chip is to change an impurity profile of 
a channel dope layer in accordance with a transistor. In the following, an example 
where an impurity concentration of a channel dope is changed in accordance with 
a transistor will be described. 

Fig. 72 shows (in a partial view) an example of a structure of a DRAM which 
20 is fabricated by a conventional manufacturing method. Cross sections of N-channel 
MOS transistors Tl to T3 which are used for the sense amplifier portion, the 
peripheral circuit portion, and the memory cell array portion are shown. 

In Fig. 72, the N-channel MOS transistors Tl to T3 are formed within a 
P-type well layer 101 which is formed on the same semiconductor substrate 1 (of 
25 the P-type). The well layer 101 is element-separated by a chaimel cut layer 102 



3 

and a LOCOS layer 2 in such a manner that the N-channel MOS transistors Tl to 
T3 are formed in regions which are created by element separation. 

The N-channel MOS transistor Tl of the sense amplifier portion comprises 
a pair of source/drain layers 106 formed within the well layer 101 independently 
5 of each other but parallel to each other and a pair of low dope drain layers 
(hereinafter "LDD layers") 107 formed adjacent to edge portions facing each other 
of the source/drain layers 106. 

The gate oxide film 3 is formed on the LDD layers 107, and a gate electrode 
4 is formed on the gate oxide film 3. A side wall oxide film 5 is formed on a side 
10 surface of the gate oxide film 3 and the gate electrode 4. Within the well layer 101 
under the gate electrode 4, a channel dope layer 103 is formed. 

The N-channel MOS transistor T2 of the peripheral circuit portion comprises 
a pair of source/drain layers 106 formed within the well layer 101 independently 
of each other but parallel to each other and a pair of LDD layers 107. 
15 The gate oxide film 3 is formed on the LDD layers 107, and a gate electrode 

4 is formed on the gate oxide film 3. The side wall oxide film 5 is formed on a 
side surface of the gate oxide film 3 and the gate electrode 4. Within the well layer 
101 under the gate electrode 4, a channel dope layer 104 is formed. 

The N-channel MOS transistor T3 of the memory cell array portion comprises 
20 a pair of source/drain layers 106 formed within the well layer 101 independently 
of each other but parallel to each other and a pair of LDD layers 107. 

A gate oxide film 3 is formed on the source/drain layers 106 and the LDD 
layers 107, and a gate electrode 4 is formed on the gate oxide film 3. The side 
wall oxide film 5 is formed on a side surface of the gate oxide film 3 and the gate 
25 electrode 4, Within the well layer 101 under the gate electrode 4, a channel dope 



layer 105 is formed. The memory cell array portion has a gate array structure in 
which adjacent gates share one source/drain layer 106. Such structures are arranged 
successively. 

Table 1 shows figures regarding the structures of the N-channel MOS 
transistors Tl to T3. 
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In Table 1, impurity dose for forming the channel dope layers of the 
N-channel MOS transistors Tl, T2 and T3 are 1 X lO'Vcm^ 3 X lO'Vcm^ and 5 X 
10^^/cm^ respectively. Boron (B) is implanted as an impurity for either layers with 
the implantation energy of 50keV, 

5 Fig. 73 shows impurity profiles of the N-channel MOS transistors Tl, T2 and 

T3 forming the sense amplifier portion, the peripheral circuit portion and the 
memory cell array portion, all of which are shown in Fig. 72, taken at cross 
sectional portions along A- A' line, B-B' line and C-C line, respectively. 

In Fig. 73, a position (i.e., depth) in a cross sectional direction is shown along 

10 a horizontal axis and an impurity concentration is shown along a vertical axis. 
There are the gate electrode (polysilicon layer), the gate oxide film (Si02 layer) and 
the well layer (bulk silicon layer) in this order along the horizontal axis from the 
left-hand side. 

As shown in Table 1, the impurity concentration in the gate electrode stays 
15 uniformly at the same quantity among any transistors, and therefore, the A- A' line, 
the B-B' line and the C-C' line are one atop the other and shown as overlapping 
straight lines. On the other hand, in the well layer, as described earlier, the channel 
dose is smaller for a transistor which requires a lower threshold value (i.e., Tl < 
T2 < T3), and therefore, the impurity concentration is low at an interface between 
20 the oxide film and the bulk. A peak position of each profile is approximately the 
same as a position at which each channel dope layer is formed. 
<Method Of Manufacturing The Respective Transistors> 
Now, a description will be given on a method of manufacturing the N-channel 
MOS transistors Tl, T2 and T3 of the sense amplifier portion, the peripheral circuit 
25 portion and the memory cell array portion which are shown in Fig. 72, with 
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reference to Figs. 74 to 79. 

At a step shown in Fig. 74, the LOCOS layer (i.e., field oxide film) 2 is 
formed into a thickness of 4,000 A, for instance, by a LOCOS method on a surface 
of the semiconductor substrate 1 of the P-type. Following this, boron ions, for 

5 instance, are implanted with the energy of 700 keV and at a dose of 1 X lO^Vcm^, 
thereby forming a P-type well region 101 within the semiconductor substrate 1, 
Although an N-type well region as well is formed in the semiconductor substrate 
1 in order to form P-channel MOS transistors, this is not shown and a description 
will be omitted. Next, boron ions, for example, are implanted with the energy of 

10 130 keV and at a dose of 5 X 10^Vcm% thereby forming the channel cut layer 102 
within the semiconductor substrate 1. The channel cut layer 102 is formed in such 
a shape which together with the LOCOS layer 2 creates the element-separated 
regions. 

Next, at step shown in Fig. 75, at a predetermined position within the well 
15 region 101, the channel dope layer 103 is formed which has the lowest impurity 
concentration in accordance with the transistor Tl of the sense amplifier portion. 
At this stage, the channel dope layer 103 is formed also in regions within the 
transistors T2 and T3 of the peripheral circuit portion and the memory cell array 
portion. The channel dope layer 103 is formed by implanting boron ions, for 
20 instance, with the energy of 50 keV and at a dose of 1 X 10^^/cm^. 

Next, at step shown in Fig. 76, a resist mask R201 is formed on the sense 
amplifier portion. An impurity is additionally implanted in a selective fashion into 
the channel dope layer 103 of the peripheral circuit portion and the memory cell 
array portion, thereby forming the channel dope layer 104 which has an impurity 
25 concentration in accordance with the transistor T2 of the peripheral circuit portion. 



At this stage, the channel dope layer 104 is formed also in a region within the 
transistor T3 of the memory cell array portion. The channel dope layer 104 is 
formed by implanting boron ions, for instance, with the energy of 50 keV and at 
a dose of 2XlO^^/cml 

5 Next, at step shown in Fig. 77, a resist mask R202 is formed on the sense 

amplifier portion and the peripheral circuit portion, an impurity is additionally 
implanted in a selective fashion into the channel dope layer 104 of the memory cell 
array portion, thereby forming the channel dope layer 105 which has an impurity 
concentration in accordance with the transistor T3 of the memory cell array portion. 

10 The channel dope layer 105 is formed by implanting boron ions, for instance, with 
the energy of 50 keV and at a dose of 2 X 10^^/cm^. 

Next, at step shown in Fig. 78, after forming an oxide film 31 which will 
become the gate oxide film 3 on a main surface of the semiconductor substrate 1 
by a thermal oxide method, a doped polysilicon layer 41, for instance, is formed 

15 as a gate electrode material on the oxide film 31 by a CVD method. The oxide 
film 31 has a thickness of about 100 A, whereas the doped polysilicon layer 41 has 
a thickness of about 2,000 A. Phosphorus (P) is used as an impurity. The 
concentration of the impurity is about 5 X 10^*^/cm^. 

Next, at step shown in Fig. 79, a resist mask R203 is formed on the doped 

20 polysilicon layer 41. By patterning, the gate electrode 4 and the gate oxide film 3 
are formed. 

Following this, after forming the LDD layers 107 in the sense amplifier 
portion, the peripheral circuit portion and the memory cell array portion by ion 
implantation, the side wall oxide film 5 is formed on a side surface of the gate 
25 oxide film 3 and the gate electrode 4 into a thickness of about 1,000 A. Using the 
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side wall oxide film 5 as a mask, by ion implantation, the source/drain layers 106 
are formed. In this manner, the structure of the DRAM shown in Fig. 72 is 
obtained. 

Now, the LDD layers 107 are obtained by injecting arsenic (As) ions, for 
5 instance, with the energy of 30 keV and at a dose of 1 X lO^Vcm^. Meanwhile, the 
source/drain layers 106 are obtained by injecting arsenic ions, for instance, with the 
energy of 50 keV and at a dose of 1 X lO^Vcm^ and thereafter annealing at SSO'^C 
for 60 minutes. 

Although this is followed by formation of a capacitor, an inter-layer insulation 
10 film, a wiring layer and the like to form the DRAM, this will not be described nor 
is shown in the drawings. 

<Problems With Conventional DRAM> 

As described above, in the conventional DRAM, to form transistors which 
have different characteristics from each other and which are used in the sense 

15 amplifier portion, the peripheral circuit portion, the memory cell array portion and 
the like within one chip, the impurity concentration of the channel dope layer is 
changed in accordance with each transistor and the threshold value is adjusted. 

However, the higher the impurity concentration of the channel dope layer is, 
the higher the threshold value becomes. At the same time, since the impurity 

20 concentration is high at a junction portion between a diffusion layer and the 
substrate, a leak current from the diffusion layer (i.e., diffusion layer leak) 
increases. In other words, the threshold value and the diffusion layer leak are in 
a trade-off relationship with each other, and therefore, a leak current is determined 
automatically once the threshold value is determined. Thus, the trade-off 

25 relationship between the two imposes a restriction on designing of the circuit. 
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<Second Conventional Example> 

<Overall Structure Of Flash Memory> 

As a second conventional example, a structure of a flash memory 700 in 
which a plurality of types of transistors are formed and a method of manufacturing 
the same will be described. 

Fig. 80 shows a structure of the flash memory 700 (cell structure). In general, 
a flash memory is different from a DRAM in using a high voltage, such as lOV, 
for writing and erasing. To this end, in the flash memory 700 shown in Fig 80, a 
charge pump circuit 710 is disposed as a step-up circuit. 

The flash memory 700 comprises not only a memory cell array portion 701 
for storing data, but also a high-voltage resistant portion, such as an X decoder 703 
and a Y decoder 704, which is used after stepping up, a peripheral circuit portion 
(i.e., an address buffer 702, a row/column clock portion 705, an I/O pass portion 
706, a data register portion 707, a sense amplifier portion 708, an operation control 
portion 709), and the like. Although any these portions are formed by transistors, 
due to differences between voltages used, a plurality of types of transistors which 
have different characteristics from each other are needed. 

For instance, a transistor in the memory cell array portion 701 demands an 
oxide film thickness of about 100 A, for example, in order to guarantee the 
reliability of a tunnel oxide film. However, a high amount of current is demanded 
in the peripheral circuit portion for the purpose of a high-speed operation, and 
therefore, an oxide film thickness is often set smaller than that of the memory cell 
array portion 701. Still, in the high- voltage resistant portion, a transistor which 
withstands a voltage of lOV is necessary. Hence, it is necessary to use a thick 
oxide film which is as thick as 250 A, for instance. In short, a plurality of types 
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of transistors which have different oxide film thicknesses from each other are 
needed within the flash memory which is in the form of one chip. 
<Structures Of The Respective Transistors> 

In the following, an example where an oxide film thickness is changed in 

5 accordance with a transistor will be described. Fig. 81 shows (in a partial view) 
an example of a structure of a flash memory which is fabricated by a conventional 
manufacturing method. Cross sections of N-channel MOS transistors Til to T13 
which are used for the high-voltage resistant portion, the peripheral circuit portion, 
and the memory cell array portion are shown. 

10 In Fig. 81, the N-channel MOS transistors Til to T13 are formed within a 

P-type well layer 121 which is formed on the same semiconductor substrate 21 (of 
the P-type). The well layer 121 is element-separated by a channel cut layer 122, 
which is formed within the well layer 121, and a LOCOS layer 22 in such a 
manner that the N-channel MOS transistors Til to T13 are formed in regions 

15 which are created by element separation. 

The N-channel MOS transistor TU of the high-voltage resistant portion 
comprises a pair of source/drain layers 126 formed within the well layer 121 
independently of each other but parallel to each other and a pair of LDD layers 127 
formed adjacent to edge portions facing each other of the source/drain layers 126. 

20 A gate oxide film 26 is formed on the LDD layers 127, and a gate electrode 

29 is formed on the gate oxide film 26. A side wall oxide film 30 is formed on a 
side surface of the gate oxide film 26 and the gate electrode 29. Within the well 
layer 121 under the gate electrode 29, a channel dope layer 123 is formed. 

The N-channel MOS transistor T12 of the peripheral circuit portion comprises 

25 a pair of source/drain layers 126 formed within the well layer 121 independently 
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of each other but parallel to each other and a pair of LDD layers 127. 

A gate oxide film 25 is formed on the LDD layers 127, and a gate electrode 
29 is formed on the gate oxide film 25. A side wall oxide film 30 is formed on a 
side surface of the gate oxide film 25 and the gate electrode 29. Within the well 

5 layer 121 under the gate electrode 29, a channel dope layer 124 is formed. 

The N-channel MOS transistor T13 of the memory cell array portion 
comprises a pair of source/drain layers 126 formed within the well layer 121 
independently of each other but parallel to each other. A tunnel oxide film 23 is 
formed on edge portions of the source/drain layers 126, A floating gate electrode 

10 27, an inter-layer insulation film 24 and a control gate electrode 28 are formed in 
this order on the tunnel oxide film 23. 

The side wall oxide film 30 is formed on a side surface of the tunnel oxide 
film 23, the floating gate electrode 27, the inter-layer insulation film 24 and the 
control gate electrode 28. 

15 Within the well layer 121 under the floating electrode 27, a channel dope layer 

125 is formed. The memory cell array portion has a gate array structure in which 
adjacent gates share one source/drain layer 126. Such structures are arranged 
successively, 

A characteristic of the flash memory which is shown in Fig. 81 is that the 
20 thickness of the gate oxide film 26 of the N-channel MOS transistor Til of the 
high-voltage resistant portion is largest, followed by the thickness of the tunnel 
oxide film 23 of the N-channel MOS transistor T13 of the memory cell array 
portion and the thickness of the gate oxide film 25 of the N-channel MOS 
transistor T12 of the peripheral circuit portion in this order. 
25 Fig, 82 shows the thicknesses of the respective gate oxide films. In Fig, 82, 
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there are shown the N-channel MOS transistors of the high-voltage resistant 
portion, the peripheral circuit portion, and the memory cell array portion in this 
order along the horizontal axis from the left-hand side. 

Table 2 shows figures regarding the structures of the N-channel MOS 
transistors Til to T13, 
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In Table 2, the thicknesses of the gate oxide films of the N-channel MOS 
transistors Til, T12 and T13 are 250 A, 80 A and 100 A, respectively. 
<Method Of Manufacturing The Respective Transistors> 
Now, a description will be given on a method of manufacturing the N-channel 

5 MOS transistors Til, T12 and T13 of the high-voltage resistant portion, the 
peripheral circuit portion and the memory cell array portion which are shown in 
Fig. 81, with reference to Figs. 84 to 96. 

First, at a step shown in Fig. 84, the LOCOS layer (i.e., field oxide film) 22 
is formed into a thickness of 4,000 A, for instance, by a LOCOS method on a 

10 surface of the semiconductor substrate 21 of the P-type. Following this, boron 
ions, for instance, are implanted with the energy of 700 keV and at a dose of 
1 X lO^Vcm^, thereby forming a P-type well region 121 within the semiconductor 
substrate 21. Although an N-type well region as well is formed in the 
semiconductor substrate 21 in order to form P-channel MOS transistors, this is not 

15 shown and a description will be omitted. Next, boron ions, for example, are 
implanted with the energy of 130 keV and at a dose of 5XlO^Vcm% thereby 
forming the channel cut layer 122 within the semiconductor substrate 21. The 
channel cut layer 122 is formed in such a shape which together with the LOCOS 
layer 22 creates the element-separated regions. 

20 Next, a channel dope layer 120 is formed at predetermined positions of the 

high-voltage resistant portion, the peripheral circuit portion and the memory cell 
array portion within the well region 121. The channel dope layer 120 is formed by 
implanting boron ions, for instance, with the energy of 50 keV and at a dose of 
1 X lO'Vcm^ 

25 Next, at a step shown in Fig. 84, after forming an oxide film 231 which will 
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become the tunnel oxide film 23 on a main surface of the semiconductor substrate 
21 by a thermal oxide method, a doped poly silicon layer 271, for instance, is 
formed as a gate electrode material on the oxide film 231 by a CVD method. The 
oxide film 231 has a thickness of about 100 A, whereas the doped polysilicon layer 

5 271 has a thickness of about 1,000 A. Phosphorus (P) is used as an impurity. The 
concentration of the impurity is about 1 x 10^7cm^, 

Next, at a step shown in Fig, 85, a resist mask R221 is formed selectively on 
the doped polysilicon layer 271 within the memory cell array portion. In this case, 
the resist mask R221 is formed along the gate-width direction of the memory cell 

10 array portion. A portion of the doped polysilicon layer 271 which is not covered 
with the resist mask R221 is removed by anisotropic etching. Fig. 86 shows this 
condition. 

Fig. 86 is a plan view viewing Fig. 85 from the upper surface side (i.e., the 
side on which the resist mask R221 is formed). Within the memory cell array 

15 portion, the resist mask R221 is formed as rectangle islands which are arranged 
regularly. The resist mask R221 is formed to cover an active layer AL which has 
a configuration like a rectangle island and an LOCOS layer LL around the same. 
Within the high-voltage resistant portion and the peripheral circuit portion, since 
the resist mask R is not formed, the active layer AL is exposed. Although Fig. 86 

20 partially omits the resist mask R221 so that the active layer AL and the LOCOS 
layer LL are visible, this is only for the clarity of illustration of the structure below 
the resist mask R221 and merely for the convenience of illustration. 

Next, after removing the resist mask R221, at a step shown in Fig. 87, an 
insulation film 241, which will become the inter-layer insulation film 24 which 

25 insulates the floating gate from the control gate, is formed above the doped 
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polysilicon layer 271 by a CVD method. This film has a structure in which a 
TEOS (tetraethyl orthosilicate) film, a nitride film (Si3N4) film, a TEOS film each 
having a thickness of 100 A are stacked in this order. The inter-layer insulation 
film 24 is referred to as "ONO film" in some cases. The insulation film 241 is 
formed on the high-voltage resistant portion and the peripheral circuit portion as 
well. 

Next, at a step shown in Fig. 88, a resist mask R222 is formed on the 
insulation film 241 of the memory cell array portion, and the insulation film 241 
in all other regions is removed. In this case, in the other regions, the oxide film 
231 is removed as well. Fig. 89 shows this condition. 

Fig. 89 is a plan view viewing Fig. 88 from the upper surface side (i.e., the 
side on which the resist mask R222 is formed). The resist mask R222 is formed 
to entirely cover the memory cell array portion. However, within the high-voltage 
resistant portion and the peripheral circuit portion, since the resist mask R222 is not 
formed, the active layer AL is exposed. 

Next, after removing the resist mask R222, at a step shown in Fig. 90, an 
oxide film 261 which will become the gate oxide film 26 is formed entirely on the 
main surface of the semiconductor substrate 21 by a thermal oxide method. At this 
stage, since the insulation film 241 on the memory cell array portion includes the 
nitride film, the insulation film 241 is not oxidized and the thickness of the 
insulation film 241 is maintained. The thickness of the oxide film 261 is about 170 
A. 

Next, at a step shown in Fig. 91, regions other than the peripheral circuit 
portion are covered with a resist mask R223 and the oxide film 261 on the oxide 
film 261 is removed by wet etching. Fig. 92 shows this condition. 
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Fig. 92 is a plan view viewing Fig. 91 from the upper surface side (i.e., the 
side on which the resist mask R223 is formed). The resist mask R223 is formed 
to entirely cover the memory cell array portion and the high-voltage resistant 
portion. However, within the peripheral circuit portion, since the resist mask R223 
5 is not formed, the active layer AL is exposed. 

Next, after removing the resist mask R223, at a step shown in Fig. 93, an 
oxide film 251 which will become the gate oxide film 25 is formed by a thermal 
oxide method. At this stage, since the insulation film 241 on the memory cell array 
portion includes the nitride film, the insulation film 241 is not oxidized and the 
10 thickness of the insulation film 241 is maintained. However, within the 
high-voltage resistant portion, the oxide film 261 grows and gains film thickness. 
The thickness of the oxide film 251 is about 80 A. The oxide film 261 grows into 
about 250 A. 

Next, at a step shown in Fig. 94, a doped polysilicon layer 291 is formed, as 
15 a gate electrode material, entirely on the main surface of the semiconductor 
substrate 21 by a CVD method. The thickness of the doped polysilicon layer 291 
is about 2,000 A. Phosphorus (P) is used as an impurity. The concentration of the 
impurity is about 5 X lO^^cm^ 

Next, at a step shown in Fig. 95, a resist mask R224 is formed on the doped 
20 polysilicon layer 291 and patterned. Fig. 96 shows this condition. 

Fig. 96 is a plan view viewing Fig. 95 from the upper surface side (i.e., the 
side on which the resist mask R224 is formed). The resist mask R224 is formed 
to be perpendicular to the active layer AL which has a rectangular configuration. 
As a result of patterning, the gate oxide film 26 and gate electrode 29 are 
25 formed within the high-voltage resistant portion, the gate oxide film 25 and gate 
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electrode 29 are formed within the peripheral circuit portion, and the tunnel oxide 
film 23, the floating gate electrode 27 and the control gate electrode 28 are formed 
within the memory cell array portion. 

Following this, after forming the LDD layers 127 by implanting ions into the 

5 high-voltage resistant portion and the peripheral circuit portion, the side wall oxide 
film 30 of about 1,000 A in thickness is formed on a side surface of the gate oxide 
film 26 and gate electrode 29, on a side surface of the gate oxide film 25 and gate 
electrode 29, and on a side surface of the tunnel oxide film 23, the floating gate 
electrode 27, the inter-layer insulation film 24 and the control gate electrode 28. 

10 Using the side wall oxide film 30 as a mask, by ion implantation, the source/drain 
layers 126 are formed. In this manner, the structure of the flash memory which is 
shown in Fig. 81 is obtained. 

Now, the LDD layers 127 are obtained by implanting arsenic ions, for 
instance, with the energy of 30 keV and at a dose of 1 X lO^Vcm^. Meanwhile, the 

15 source/drain layers 126 are obtained by injecting arsenic ions, for instance, with the 
energy of 50 keV and at a dose of 5 X and thereafter annealing at 850°C 

for 60 minutes. 

Although this is followed by formation of a capacitor, an inter-layer insulation 
film, a wiring layer and the like to form the flash memory, this will not be 
20 described nor is shown in the drawings. 

<Problems With Conventional Flash Memory> 

As described above, as in the conventional DRAM, in the conventional flash 
memory, there is a trade-off relationship between a threshold value and a diffusion 
layer leak. The trade-off relationship imposes a restriction on designing of the 
25 circuit. 
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Further, since it is necessary to form a plurality of types of transistors which 
have different oxide film thicknesses from each other within the flash memory 
which is in the form of one chip, it is necessary to form the oxide films at more 
than one steps in some cases. For example, within the high-voltage resistant 

5 portion, at the step of removing the resist mask R223 (See Fig. 91), the oxide film 
261 is grown further during formation of the oxide film 251 (See Fig. 93). That 
is, the oxide film 261 is formed at two steps. This leads to a higher possibility of 
allowing entry of an impurity or the like, which in turn degrades the reliability of 
the gate oxide film 26 or worsens the controllability of the film thickness. This 

10 further leads to a problem that the reliability of the N-channel MOS transistor Til 
of the high-voltage resistant portion is lost, etc. 
<Third Conventional Example> 

<Overall Structure Of DRAM Comprising Logic Circuit> 
As a third conventional example, a structure of a DRAM 800 which comprises 
15 a logic circuit (hereinafter "LOGIC in DRAM") and a method of manufacturing the 
same will be described. 

The LOGIC in DRAM 800 is a device which executes a high performance and 
requires only a low cost, since a logic circuit is formed within the same chip so that 
the DRAM and the logic circuit, which have been heretofore formed as separate 
20 chips, are combined with each other. 

As shown in Fig. 97, the LOGIC in DRAM 800 is roughly divided into a 
logic portion and a DRAM portion. A requirement to the logic portion is an 
operation at a high speed, that is, a high driving capability and a low capacity. 
Meanwhile, as described earlier, the DRAM portion includes a memory cell array 
25 portion in which a low leak current is demanded, a sense amplifier portion in which 
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an operation at a low voltage is demanded, etc. That is, a plurality of types of 
transistors which have different characteristics from each other are needed within 
the LOGIC in DRAM 800 which is formed as one chip. 
<Structures Of The Respective Transistors> 
5 A conventional approach for forming transistors which have different 

characteristics from each other within one chip is to change an impurity profile of 
a channel dope layer or an oxide film thickness in accordance with a transistor. In 
the following, with respect to the DRAM portion, an example where an impurity 
concentration of a channel dope layer is changed in accordance with a transistor 

10 will be described, whereas with respect to the logic portion, an example where an 
oxide film thickness is changed in accordance with a transistor will be described. 

Fig. 98 shows (in a partial view) an example of a structure of a LOGIC in 
DRAM which is fabricated by a conventional manufacturing method. Cross 
sections of N-channel MOS transistors T21 to T23 which are used for the logic 

15 portion and for the sense amplifier portion and the memory cell array portion of the 
DRAM portion are shown. 

In Fig. 98, the N-channel MOS transistors T21 to T23 are formed within a 
P-type well layer 151 which is formed on the same semiconductor substrate 51 (of 
the P-type). The well layer 151 is element-separated by a channel cut layer 152 

20 which is formed within the well layer 151 and a LOCOS layer 52 in such a manner 
that the N-channel MOS transistors T21 to T23 are formed in regions which are 
created by element separation. 

The N-channel MOS transistor T21 of the logic portion comprises a pair of 
source/drain layers 156 formed within the well layer 151 independently of each 

25 other but parallel to each other and a pair of LDD layers 157 formed adjacent to 



edge portions facing each other of the source/drain layers 156. 

A gate oxide film 54 is formed on the LDD layers 157, and a gate electrode 
55 is formed on the gate oxide film 54. A side wall oxide film 56 is formed on a 
side surface of the gate oxide film 54 and the gate electrode 55. Within the well 
5 layer 151 under the gate electrode 55, a channel dope layer 155 is formed. 

The N-channel MOS transistor T22 of the sense amplifier portion comprises 
a pair of source/drain layers 156 formed within the well layer 151 independently 
of each other but parallel to each other and a pair of LDD layers 157. 

A gate oxide film 53 is formed on the LDD layers 157, and a gate electrode 
10 55 is formed on the gate oxide film 53. The side wall oxide film 56 is formed on 
a side surface of the gate oxide film 53 and the gate electrode 55. Within the well 
layer 151 under the gate electrode 55, a channel dope layer 154 is formed. 

The N-channel MOS transistor T23 of the memory cell array portion 
comprises a pair of source/drain layers 156 formed within the well layer 151 
15 independently of each other but parallel to each other and a pair of LDD layers 
157. 

The gate oxide film 53 is formed on the source/drain layers 156 and the LDD 
layers 157, and the gate electrode 55 is formed on the gate oxide film 53. The side 
wall oxide film 56 is formed on a side surface of the gate oxide film 53 and the 
20 gate electrode 55. Within the well layer 151 under the gate electrode 55, a channel 
dope layer 153 is formed. The memory cell array portion has a gate array structure 
in which adjacent gates share one source/drain layer 156. Such structures are 
arranged successively. 

Table 3 shows figures regarding the structures of the N-channel MOS 
25 transistors T21 to T23, 
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In Table 3, impurity dose for forming the channel dope layers of the 
N-channel MOS transistors T21, T22 and T23 are IXlO^Vcm^ l>^W"/cm^ and 
5 X 10^^/cm^, respectively. Boron (B) is implanted as an impurity for either layers 
with the implantation energy of 50keV. 
5 Further, the thicknesses of the gate oxide films of the N-channel MOS 

transistors T21, T22 and T23 are 60 A, 100 A and 100 A, respectively. 

Fig. 99 shouts impurity profiles of the N-channel MOS transistors T21, T22 
and T23 of the logic portion, the sense amplifier portion and the memory cell array 
portion, all of which shown in Fig. 98, taken at cross sectional portions along A- A' 

10 line, B-B' line and C-C line, respectively. 

In Fig. 99, a position (i.e., depth) in a cross sectional direction is shown along 
a horizontal axis and an impurity concentration is shown along a vertical axis. 
There are the gate electrode (polysilicon layer), the gate oxide film (Si02 layer) and 
the well layer (bulk silicon layer) in this order along the horizontal axis from the 

15 left-hand side. 

As shown in Table 3, the impurity concentration in the gate electrode stays 
uniformly at the same quantity among any transistors, and therefore, the A-A line, 
the B-B' line and the C-C line are one atop the other and shown as overlapping 
straight lines (shown as two lines in the drawing to distinguish the A-A* line). On 

20 the other hand, in the well layer, the channel dose is smaller for a transistor of the 
sense amplifier portion which requires a low threshold value, and therefore, the 
impurity concentration is low at an interface between the oxide film and the bulk. 
A peak position of each profile is approximately the same as a position at which 
each channel dope layer is formed. 

25 Fig. 100 shows thicknesses of the respective gate oxide films. In Fig. 100, the 
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N-channel MOS transistors of the logic portion, the sense amplifier portion and the 
memory cell array portion are shown in this order along the horizontal axis from 
the left-hand side. As shown in Fig. 100, in order to improve the current driving 
capability, the logic portion has a thinner oxide film thickness than those of the 
5 sense amplifier portion and the memory cell array portion of the DRAM portion. 
<Method Of Manufacturing The Respective Transistors> 
In the following, a description will be given on a method of manufacturing the 
N-channel MOS transistors T21, T22 and T23 of the logic portion, the sense 
amplifier portion and the memory cell array portion of the DRAM portion which 

10 are shown in Fig. 98, with reference to Figs. 101 to 109. 

First, at a step shown in Fig, 101, the LOCOS layer (i.e., field oxide film) 52 
is formed into a thickness of 4,000 A, for instance, by a LOCOS method, on a 
surface of the semiconductor substrate 51 of the P-type. Following this, boron 
ions, for instance, are implanted with the energy of 700 keV and at a dose of 

15 IXiO^^cm^ thereby forming a P-type well region 151 within the semiconductor 
substrate 51, Although an N-type well region as well is formed in the 
semiconductor substrate 51 in order to form P-channel MOS transistors, this is not 
shown and a description will be omitted. Next, boron ions, for example, are 
implanted with the energy of 130 keV and at a dose of 5Xl0^Vcm^ thereby 

20 forming the channel cut layer 152 within the semiconductor substrate 51. The 
channel cut layer 152 is formed in such a shape which together with the LOCOS 
layer 52 creates the element-separated regions. 

Next, at step shown in Fig. 102, at a predetermined position within the well 
region 151, the channel dope layer 154 is formed which has the lowest impurity 

25 concentration in accordance with the transistor T22 of the sense amplifier portion. 
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At this stage, the channel dope layer 154 is formed also in regions within the 
transistors T21 and T23 of the logic portion and the memory cell array portion. 
The channel dope layer 154 is formed by implanting boron ions, for instance, with 
the energy of 50 keV and at a dose of 1 X lO^Vcm^, 
5 Next, at step shown in Fig. 103, a resist mask R251 is formed on the sense 

amplifier portion. An impurity is additionally implanted in a selective fashion into 
the channel dope layer 154 of the logic portion and the memory cell array portion, 
thereby forming the channel dope layer 153 which has an impurity concentration 
in accordance with the transistor T23 of the memory cell array portion. At this 

10 stage, the channel dope layer 153 is formed also in a region within the transistor 
T21 of the logic portion. The channel dope layer 153 is formed by implanting 
boron ions, for instance, with the energy of 50 keV and at a dose of 4X lO^Vcm^. 

Next, at step shown in Fig. 104, a resist mask R252 is formed on the sense 
amplifier portion and the memory cell array portion. An impurity is additionally 

15 implanted in a selective fashion into the channel dope layer 153 of the logic 
portion, thereby forming the channel dope layer 155 which has an impurity 
concentration in accordance with the transistor T21 of the logic portion. The 
channel dope layer 155 is formed by implanting boron ions, for instance, with the 
energy of 50 keV and at a dose of 5 X lO^^cm^. 

20 Next, at step shown in Fig. 105, an oxide film 531 which will become the 

gate oxide film 53 is formed on the main surface of the semiconductor substrate 51 
by a thermal oxide method. The thickness of the oxide film 531 is about 40 A. 

Next, at step shown in Fig. 106, the thickness of the oxide film 531 of the 
sense amplifier portion and the memory cell array portion is covered with a resist 

25 mask R253, and the thickness of the oxide film 531 which is located on the logic 
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portion alone is selectively removed. 

Next, after removing the resist mask R253, at a step shown in Fig. 107, an 
oxide film 541 which will become the gate oxide film 54 is formed on the main 
surface of the semiconductor substrate 51 by a thermal oxide method. At this 
5 stage, since the insulation film 531 on the sense amplifier portion and the memory 
cell array portion grows and gains film thickness. The thickness of the oxide film 
541 is about 60 A. The oxide film 531 grows into about 100 A. 

Next, at a step shown in Fig. 108, a doped polysilicon layer 551 is formed, 
as a gate electrode material, on the oxide film 531 and the oxide film 541 bv a 
10 CVD method. The thickness of the doped polysilicon layer 551 is about 2,000 A. 
Phosphorus (P) is used as an impurity. The concentration of the impurity is about 
1 X lO^/cml 

Next, at a step shown in Fig. 109, a resist mask R254 is formed on the doped 
polysilicon layer 551 and patterned. By patterning, the gate electrode 54 and the 
15 gate electrode 55 are formed in the logic portion while the gate oxide film 53 and 
the gate electrode 55 are formed in the sense amplifier portion and the memory cell 
array portion. 

Following this, after forming she LDD layers 157 by implanting ions into the 
logic portion, the sense amplifier portion and the memory cell array portion, the 

20 side wall oxide film 56 of about 1,000 A in thickness is formed on a side surface 
of the gate oxide film 54 and gate electrode 55 within the logic portion, and on a 
side surface of the gate oxide film 53 and gate electrode 55 within the sense 
amplifier portion and the memory cell array portion. Using the side wall oxide film 
56 as a mask, by ion implantation, the source/drain layers 156 are formed. In this 

25 manner, the structure of the LOGIC in DRAM which is shown in Fig. 98 is 
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obtained. 

Now, the LDD layers 157 are obtained by implanting arsenic (As) ions, for 
instance, with the energy of 30 keV and at a dose of 1 X 10"/cml Meanwhile, the 
source/drain layers 156 are obtained by injecting arsenic ions, for instance, with the 
5 energy of 50 keV and at a dose of 5 X lO'Vcm^ and thereafter annealing at 850^0 
for 30 minutes. 

Although this is followed by formation of a capacitor, an inter-layer insulation 
film, a wiring layer and the like to form the LOGIC in DRAM, this will not be 
described nor is shown in the drawings. 
10 <Problems With Conventional LOGIC in DRAM> 

As described above, in the conventional LOGIC in DRAM, to form transistors 
which are used in the logic portion, the sense amplifier portion and the memory cell 
array portion and which have different characteristics from each other within one 
chip, the impurity concentration of the channel dope layer is changed in accordance 
15 with each transistor and a threshold value is adjusted. 

However, as the impurity concentration of the channel dope layer becomes 
higher, the threshold value increases. At the same time, a diffusion layer leak 
increases since the impurity concentration becomes high at a junction portion 
between a diffusion layer and the substrate, for instance. In other words, the 
20 threshold value and the diffusion layer leak are in a trade-off relationship with each 
other, and therefore, a leak current is determined automatically once the threshold 
value is determined. Thus, the trade-off relationship between the two imposes a 
restriction on designing of the circuit. 

Further, in order to improve the current driving capability, the logic portion 
25 has a thinner oxide film thickness than those of the other portions. To this end, it 



29 

is necessary to form a plurality of types of transistors which have different oxide 
film thicknesses from each other within the flash memory which is in the form of 
one chip, it is necessary to form the oxide films at more than one steps in some 
cases. For example, within the sense amplifier portion and the memory cell array 
5 portion, at the step of removing the resist mask R253 (See Fig. 106), the insulation 
film 531 is grown further during formation of the oxide film 541 (See Fig. 107). 
That is, the oxide film 531 is formed st two steps. This leads to a higher 
possibility of allowing entry of an impurity or the like, which in turn degrades the 
reliability of the gate oxide film 53 or worsens the controllability of the film 
10 thickness. This further leads to a problem that the reliability of the N-channel 
MOS transistors T22 and T23 of the sense amplifier portion and the memory cell 
array portion is lost, etc. 

<Fourth Conventional Example> 

<Overall Structure Of Flash Memory Comprising Logic Circuit> 
15 As a fourth conventional example, a structure of a flash memory 9(){) which 

comprises a logic circuit (hereinafter "LOGIC in FLASH") and a method of 
manufacturing the same will be described. 

One of R&D targets which are attracting an attention as a transistor becomes 
denser is development of a one-chip microcomputer in which a microcomputer is 
20 fabricated within one chip, while another R&D target under a close attention is a 
larger capacity. An element in which a flash memory and a MPU (micropsocessing 
unit) are formed within one chip, in particular, is called flash-consolidated logic as 
the one which is made public in 1995 IDEM SHORT COURSE PROGRAM, 
"EMBEDDED FLASH MEMORY APPLICATIONS, TECHNOLOGY AND 
25 DESIGN," CLINTON KUO, MOTOROLA, and others. 
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Fig, 110 shows one example. As shown in Fig. 110, the LOGIC in FLASH 
900 is roughly divided into a logic portion and a flash memory portion. A 
requirement to the logic portion is an operation at a high speed, that is, a high 
driving capability and a low capacity. 
5 The flash memory portion comprises a high-voltage resistant portion in which 

a high voltage is applied, a memory cell array portion in which a tunnel oxide film 
needs to be highly reliable, and the like. That is, a plurality of types of transistors 
which have different characteristics from each other are needed within the LOGIC 
in FLASH which is formed as one chip, 

10 <Structures Of The Respective Transistors> 

A conventional approach for forming transistors which have different 
characteristics from each other within one chip is to change an oxide film thickness 
in accordance with a transistor, or if necessary, to change an impurity profile of a 
channel dope layer. In the following, an example where an oxide film thickness 

15 in accordance with a transistor while changing an impurity concentration of a 
channel dope layer will be described. 

Fig. Ill shows (in a partial view) an example of a structure of a LOGIC in 
FLASH which is fabricated by a conventional manufacturing method. Cross 
sections of N-channel MOS transistors T31 to T33 which are used for the logic 

20 portion and for the high-voltage resistant portion and the memory cell array portion 
of the flash memory portion are shown. 

In Fig. Ill, the N-channel MOS transistors T31 to T33 are formed within a 
P-type well layer 171 which is formed on the same semiconductor substrate 71 (of 
the P-type). The well layer 171 is element-separated by a charmel cut layer 171 

25 which is formed within the well layer 171 and a LOCOS layer 72 in such a manner 
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that the N-chaimel MOS transistors T31 to T33 are formed in regions which are 
created by element separation. 

The N-channel MOS transistor T31 of the logic portion comprises a pair of 
source/drain layers 176 formed within the well layer 171 independently of each 
5 other but parallel to each other and a pair of LDD layers 177 formed adjacent to 
edge portions facing each other of the source/drain layers 176. 

A gate oxide film 76 is formed on the LDD layers 177, and a gate electrode 
79 is formed on the gate oxide film 76. A side wall oxide film 80 is formed on a 
side surface of the gate oxide film 76 and the gate electrode 79. Within the well 
10 layer 171 under the gate electrode 79, a channel dope layer 175 is formed. 

The N-channel MOS transistor T32 of the high-voltage resistant portion of 
the flash memory portion comprises a pair of source/drain layers 176 formed within 
the well layer 171 independently of each other but parallel to each other and a pair 
of LDD layers 177. 

15 A gate oxide film 75 is formed on the LDD layers 177, and a gate electrode 

79 is formed on the gate oxide film 75. The side wall oxide film 80 is formed on 
a side surface of the gate oxide film 75 and the gate electrode 79. Within the well 
layer 171 under the gate electrode 79, a channel dope layer 173 is formed. 

The N-channel MOS transistor T33 of the memory cell array portion of the 

20 flash memory portion comprises a pair of source/drain layers 176 formed within the 
well layer 171 independently of each other but parallel to each other. A tunnel 
oxide film 73 is formed on edge portions of the source/drain layers 176. A floating 
gate electrode 77, an inter-layer insulation film 74 and a control gate electrode 78 
are formed in this order on the tunnel oxide film 73. 

25 The side wall oxide film 80 is formed on a side surface of the tunnel oxide 
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film 73, the floating gate electrode 77, the inter-layer insulation film 74 and the 
control gate electrode 78. 

Within the well layer 171 under the floating electrode 77, a channel dope layer 
175 is formed. The memory cell array portion has a gate array structure in which 
5 adjacent gates share one source/drain layer 176. Such structures are arranged 
successively. 

A characteristic of the flash memory which is shown in Fig. Ill is that the 
thickness of the gate oxide film 75 of the N-channel MOS transistor T32 of the 
high-voltage resistant portion is largest, followed by the thickness of the tunnel 

10 oxide film 73 of the N-channel MOS transistor T33 of the memory cell array 
portion and the thickness of the gate oxide film 76 of the N-channel MOS 
transistor T31 of the logic portion in this order, and that the impurity concentration 
of the channel dope layer 173 of the N-channel MOS transistor T32 of the 
high-voltage resistant portion is lower than those of the other channel dope layers. 

15 Table 4 shows figures regarding the structures of the N-channel MOS 

transistors T31 to T33. 
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In Table 4, the thicknesses of the gate oxide films of the N-channel MOS 
transistors T31, T32 and T33 are 60 A, 250 A and 100 A, respectively. 

Further, an impurity dose for forming the channel dope layer 173 of the 
N-channel MOS transistor T32 is 1 X 10^Vcm% while an impurity dose for forming 
5 the channel dope layer 173 of the N-channel MOS transistors T31 and T33 is 
1 X 10^7cml Boron (B) is implanted as an impurity for either layers with the 
implantation energy of 50keV. 

Fig. 112 shows impurity profiles of the N-channel MOS transistors T31, T32 
and T33 forming the sense amplifier portion, the peripheral circuit portion and the 
10 memory cell array portion, all of which shown in Fig. Ill, taken at cross sectional 
portions along A-A' line, B-B' line and C-C line, respectively. 

In Fig. 112, a position (i.e., depth) in a cross sectional direction is shown 
along a horizontal axis and an impurity concentration is shown along a vertical axis. 
There are the gate electrode (polysilicon layer), the gate oxide film (SiO^ layer) and 
15 the well layer (bulk silicon layer) in this order along the horizontal axis from the 
left-hand side. 

As shown in Table 4, the impurity concentration in the gate electrode stays 
uniformly at the same quantity among any transistors, and therefore, the A-A' line, 
the B-B* line and the C-C line are one atop the other and shown as overlapping 

20 straight lines (shown as three lines in the drawing to distinguish the respective 
lines). On the other hand, in the well layer, the channel dose is smaller for a 
transistor of the high-voltage resistant portion which requires a low threshold value, 
and therefore, the impurity concentration is low at an interface between the oxide 
film and the bulk. A peak position of each profile is approximately the same as a 

25 position at which each channel dope layer is formed. 
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Fig. 113 shows thicknesses of the respective gate oxide films. In Fig. 113, the 
N-channel MOS transistors of the logic portion, the high-voltage resistant portion 
and the memory cell array portion are shown in this order along the horizontal axis 
from the left-hand side. As shown in Fig. 113, the oxide film of the high-voltage 
5 resistant portion of the flash memory portion is thickest, while the oxide film of the 
logic portion is the thinnest in order to improve the current driving capability, 

<Method Of Manufacturing The Respective Transistors> 

In the following, a description will be given on a method of manufacturing the 
N-channel MOS transistors T31 to T33 of the logic portion, and of the 
10 high- voltage resistant portion and the memory cell array portion of the flash 
memory portion, which are shown in Fig. Ill, with reference to Figs. 114 to 127. 

First, at a step shown in Fig. 114, the LOCOS layer (i.e., field oxide film) 72 
is formed into a thickness of 4,000 A, for instance, by a LOCOS method, on a 
surface of the semiconductor substrate 71 of the P-type. Following this, boron 
15 ions, for instance, are implanted with the energy of 700 keV and at a dose of 
1 xiO^Vcm^ thereby forming a P-type well region 171 within the semiconductor 
substrate 71. Although an N-type well region as well is formed in the 
semiconductor substrate 71 in order to form P-channel MOS transistors, this is not 
shown and a description will be omitted. Next, boron ions, for example, are 
20 implanted with the energy of 130 keV and at a dose of SXlO^Vcm', thereby 
forming the channel cut layer 172 within the semiconductor substrate 71. The 
channel cut layer 172 is formed in such a shape which together with the LOCOS 
layer 72 creates the element-separated regions. 

Next, the channel dope layer 173 which has the lowest impurity concentration 
25 is formed within the well region 171 of the transistor T32 of the high-voltage 



resistant portion. The channel dope layer 173 is formed by implanting boron ions, 
for instance, with the energy of 50 keV and at a dose of 1 X lO^Vcml 

Next, an impurity is implanted into the well region 171 of the transistors T31 
and T33 of the logic portion and the memory cell array portion, thereby forming 
5 the channel dope layer 175 which has an impurity concentration in accordance with 
the transistors T31 and T33 of the logic portion and the memory cell array portion. 
The channel dope layer 175 is formed by implanting boron ions, for instance, with 
the energy of 50 keV and at a dose of 1 X lO^^cm^ 

Next, at a step shown in Fig. 115, after forming an oxide film 731 which will 

10 become the tunnel oxide film 73 on a main surface of the semiconductor substrate 
71 by a thermal oxide method, a doped polysilicon layer 771, for instance, is 
formed as a gate electrode material on the oxide film 731 by a CVD method. The 
oxide film 731 has a thickness of about 100 A, whereas the doped polysilicon layer 
771 has a thickness of about 1,000 A. Phosphorus (P) is used as an impurity. The 

15 concentration of the impurity is about 1 X 10^^/cm^. 

Next, at a step shown in Fig. 116, a resist mask R261 is formed selectively 
on the doped polysilicon layer 771 within the memory cell array portion. In this 
case, the resist mask R261 is formed along the gate-width direction of the memory 
cell array portion. A portion of the doped polysilicon layer 771 which is not 

20 covered with the resist mask R261 is removed by anisotropic etching. Fig. 117 
shows this condition. 

Fig. 117 is a plan view viewing Fig. 116 from the upper surface side (i.e., the 
side on which the resist mask R261 is formed). Within the memory cell array 
portion, the resist mask R261 is formed as rectangle islands which are arranged 

25 regularly. The resist mask R261 is formed to cover an active layer AL which has 



a configuration like a rectangle island and an LOCOS layer LL around the same. 
Within the high-voltage resistant portion and the logic portion, since the resist 
mask R261 is not formed, the active layer AL is exposed. Although Fig. 87 
partially omits the resist mask R261 so that the active layer AL and the LOCOS 
5 layer LL are visible, this is only for the clarity of illustration of the structure below 
the resist mask R261 and merely for the convenience of illustration. 

Next, after removing the resist mask R261, at a step shown in Fig, 118, an 
insulation film 741, which will become the inter-layer insulation film 74 which 
insulates the floating gate from the control gate, is formed above the doped 

10 polysilicon layer 771 by a CVD method. This film has a structure in which a 
TEOS (tetraethyl orthosilicate) film, a nitride film (SigNJ film, a TEOS film each 
having a thickness of 100 A are stacked in this order. The inter-layer insulation 
film 74 is referred to as "ONO film" in some cases. The insulation film 741 is 
formed on the high-voltage resistant portion and the logic portion as well. 

15 Next, at a step shown in Fig. 119, a resist mask R262 is formed on the 

insulation film 741 of the memory cell array portion, and the insulation film 741 
in all other regions is removed. In this case, in the other regions, the oxide film 
731 is removed as well Fig. 120 shows this condition. 

Fig. 120 is a plan view viewing Fig. 119 from the upper surface side (i.e., the 

20 side on which the resist mask R262 is formed). The resist mask R262 is formed 
to entirely cover the memory cell array portion. However, within the high-voltage 
resistant portion and the logic portion, since the resist mask R262 is not formed, the 
active layer AL is exposed. 

Next, after removing the resist mask R262, at a step shown in Fig. 121, an 

25 oxide film 751 which will become the gate oxide film 75 is formed entirely on the 
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main surface of the semiconductor substrate 71 by a thermal oxide method. At this 
stage, since the insulation film 741 on the memory cell array portion includes the 
nitride film, the insulation film 741 is not oxidized and the thickness of the 
insulation film 741 is maintained. The thickness of the oxide film 261 is about 190 
A. 

Next, at a step shown in Fig, 122, regions other than the logic portion are 
covered with a resist mask R263 and the oxide film 751 on the logic portion is 
removed by wet etching. Fig. 123 shows this condition. 

Fig, 123 is a plan view viewing Fig. 122 from the upper surface side (i.e., the 
side on which the resist mask R263 is formed). The resist mask R263 is formed 
to entirely cover the memory cell array portion and the high-voltage resistant 
portion. However, within the logic portion, since the resist mask R263 is not 
formed, the active layer AL is exposed. 

Next, after removing the resist mask R263, at a step shown in Fig, 124, an 
oxide film 761 which will become the gate oxide film 76 is formed by a thermal 
oxide method. At this stage, since the insulation film 741 on the memory cell array 
portion includes the nitride film, the insulation film 741 is not oxidized and the 
thickness of the insulation film 741 is maintained. However, within the 
high-voltage resistant portion, the oxide film 751 grows and gains film thickness. 
The thickness of the oxide film 761 is about 60 A. The oxide film 751 grows into 
about 250 A. 

Next, at a step shown in Fig. 125, a doped polysilicon layer 791 is formed, 
as a gate electrode material, entirely on the main surface of the semiconductor 
substrate 71 by a CVD method. The thickness of the doped polysilicon layer 791 
is about 2,000 A, Phosphorus (P) is used as an impurity. The concentration of the 
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impurity is about 5 X lO^^cml 

Next, at a step shown in Fig. 126, a resist mask R264 is formed on the doped 
polysilicon layer 791 and patterned. Fig. 127 shows this condition. 

Fig, 127 is a plan view viewing Fig. 126 from the upper surface side (i.e., the 
side on which the resist mask R264 is formed). The resist mask R264 is formed 
to be perpendicular to the active layer AL which has a rectangular configuration. 

As a result of patterning, the gate oxide film 76 and gate electrode 79 are 
formed within the logic portion, the gate oxide film 76 and gate electrode 79 are 
formed within the high-voltage resistant portion, and the tunnel oxide film 73, the 
floating gate electrode 77 and the control gate electrode 78 are formed within the 
memory cell array portion. 

Following this, after forming the LDD layers 177 by implanting ions into the 
logic portion and the high-voltage resistant portion, the side wall oxide film 80 of 
about 1,000 A in thickness is formed on a side surface of the gate oxide film 76 and 
gate electrode 79, on a side surface of the gate oxide film 76 and gate electrode 79, 
and on a side surface of the tunnel oxide film 73, the floating gate electrode 77, the 
inter-layer insulation film 74 and the control gate electrode 78. Using the side wall 
oxide film 80 as a mask, by ion implantation, the source/drain layers 176 are 
formed. In this manner, the structure of the flash memory which is shown in Fig, 
111 is obtained. 

Now, the LDD layers 177 are obtained by implanting arsenic ions, for 
instance, with the energy of 30 keV and at a dose of 1 X lO^Vcm^. Meanwhile, the 
source/drain layers 176 are obtained by injecting arsenic ions, for instance, with the 
energy of 50 keV and at a dose of 5 X lO^Vcm^ and thereafter aimealing at 850 
for 30 minutes. 



Although this is followed by formation of a capacitor, an inter-layer insulation 
film, a wiring layer and the like to form the LOGIC in FLASH, this will not be 
described nor is shown in the drawings, 

<Problems With Conventional LOGIC in FLASH> 

5 As described above, in the conventional LOGIC in FLASH, to form transistors 

which are used in the logic portion, the high-voltage resistant portion and the 
memory cell array portion and which have different characteristics from each other 
within one chip, the impurity concentration of the channel dope layer is changed 
in accordance with each transistor and a threshold value is adjusted. 

10 However, as the impurity concentration of the channel dope layer becomes 

higher, the threshold value increases. At the same time, a diffusion layer leak 
increases since the impurity concentration becomes high at a junction portion 
between a diffusion layer and the substrate, for instance. In other words, the 
threshold value and the diffusion layer leak are in a trade-off relationship with each 

15 other, and therefore, a leak current is determined automatically once the threshold 
value is determined. Thus, the trade-off relationship between the two imposes a 
restriction on designing of the circuit. 

Further, in the logic portion, in order to attain a high driving capability, it is 
necessary to form a thinner gate oxide film than those of the other portions. To 

20 this end, it is necessary to form a plurality of types of transistors which have 
different oxide film thicknesses from each other within the flash memory which is 
in the form of one chip, it is necessary to form the oxide films at more than one 
steps in some cases. For example, within the high-voltage resistant portion, at the 
step of removing the resist mask R263 (See Fig. 122), the insulation film 751 is 

25 grown further during formation of the oxide film 761 (See Fig. 124), That is, the 
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oxide film 751 is formed at two steps. This leads to a higher possibility of 
allowing entry of an impurity or the like, which in turn degrades the reliability of 
the gate oxide film 75 or worsens the controllability of the film thickness. This 
further leads to a problem that the reliability of the N-channel MOS transistor T32 
5 of the high-vohage resistant portion is lost, etc. 

As described above, in a semiconductor device in which a plurality of types 
of transistors are formed within one chip, threshold values are heretofore adjusted 
by changing the impurity concentrations of the channel dope layers in accordance 
with the transistors. However, since there is a trade-off relationship between a 
10 threshold value and a diffusion layer leak, a leak current is determines automatically 
once the threshold value is determined. Thus, the trade-off relationship between 
the two imposes a restriction on designing of the circuit. In addition, it is necessary 
to form the gate oxide films at more than one steps. This leads to a higher 
possibility of allowing entry of an impurity or the like, which in turn degrades the 
15 reliability of the gate oxide films or worsens the controllability of the film 
thickness. This further leads to a problem that the reliability of the transistors is 
deteriorated. 

SUMMARY OF THE INVENTION 

A first aspect of the present invention is directed to a semiconductor device 

20 comprising at least one transistor on a semiconductor substrate, wherein at least one 
transistor comprises: a semiconductor layer of a first conductivity type which is 
formed in a surface of the semiconductor substrate; a channel dope layer of the first 
conductivity type which is formed selectively in the semiconductor layer; and a 
control electrode which is formed at a position which faces the channel dope layer, 

25 above the semiconductor layer, the control electrode comprises a polysilicon layer 



which internally includes an impurity of a second conductivity type and nitrogen, 
and the nitrogen is introduced to a lower portion of the polysilicon layer in such a 
manner that the impurity has a relatively high concentration in an upper portion of 
the polysilicon layer but has a relatively low concentration in the lower portion of 
5 the polysilicon layer. 

In the semiconductor device according to the first aspect of the present 
invention, since the control electrode includes a polysilicon layer which internally 
includes an impurity of a second conductivity type and nitrogen, and since the 
nitrogen is introduced to an upper portion of the polysilicon layer in such a manner 
10 that the impurity has a relatively high concentration in an upper portion of the 
polysilicon layer but has a relatively low concentration in the lower portion of the 
polysilicon layer, when the device operates, a depletion layer is created within the 
polysilicon layer in accordance with the portion in which the concentration of the 
impurity is relatively low, so that the effective thickness of the gate oxide film is 
15 determined in accordance with the region in which the depletion layer is created. 
Hence, when a plurality of types of transistors having different characteristics from 
each other (e.g., different required specifications from each other) are to be formed, 
by changing the respective impurity concentrations, the effective thickness of the 
gate oxide film is changed and a threshold value is set. Thus, unlike heretofore 
20 done, it is not necessary to change the impurity concentration of the channel dope 
layer in accordance with characteristics of transistors, but it is possible to fix the 
impurity concentration of the channel dope layer at such a value which suppresses 
a leak current from a diffusion layer (i.e., diffusion layer leak) to minimum. For 
instance, if the impurity concentration of the channel dope layer is set so that a 
25 diffusion layer leak becomes minimum and a threshold value is set by means of the 



impurity concentration and the concentration of nitrogen, a break through to the 
trade-off relationship between the threshold value and the diffusion layer leak is 
realized and a restriction upon circuitry designing is removed. Further, since it is 
possible to change the effective thickness of the gate oxide film, it is not necessary 
5 to form the gate oxide films of the transistors which have different breakdown 
voltages from each other into different thicknesses from each other. 

According to a second aspect of the invention, in the semiconductor device 
of the first aspect, at least one transistor includes at least two types of transistors, 
and at least two types of transistors are structured so that concentrations of the 
10 nitrogen are different between at least two types of transistors. 

Accordingly, in the second aspect of the invention, since concentrations of the 
nitrogen are different between at least two types of transistors, the distributions of 
the impurity concentrations within the polysilicon layers are different from each 
other. That is, if the impurity concentrations are the same, in the transistor in 
15 which the nitrogen concentration is higher, the distribution of the impurity 
concentration changes more abruptly than in the other transistor. As a result, a 
depletion layer is created in a wider area within the polysilicon layers during a 
device operation, and the effective thicknesses of the gate oxide films become thick. 
Hence, application to a transistor which is required to have the thickest gate oxide 
20 film makes it possible to form the actual gate oxide film thin. Further, since it is 
possible to change the effective thicknesses of the gate oxide films by changing the 
nitrogen concentrations, it is not necessary to form a number of types of gate oxide 
films which have different thicknesses from each other. 

According to a third aspect of the invention, in the semiconductor device of 
25 the second aspect, at least two types of transistors include a first to a third types of 
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transistor, the transistor of the first type comprises: a pair of first semiconductor 
regions of the second conductivity type formed selectively and independently of 
each other within the semiconductor layer of the first type of transistor; and a first 
gate oxide film which is formed on the semiconductor layer of the first type of 
5 transistor, between the pair of first semiconductor regions, the channel dope layer 
of the first type of transistor is formed between the pair of first semiconductor 
regions, the control electrode of the first type of transistor includes: a first 
polysilicon layer which is formed on the first gate oxide film; and a first nitrogen- 
introduced region which is formed within the first polysilicon layer, the second type 
10 of transistor comprises: a pair of second semiconductor regions of the second 
conductivity type formed selectively and independently of each other within the 
semiconductor layer of the second type of transistor; and a second gate oxide film 
which is formed on the semiconductor layer of the second type of transistor, 
between the pair of second semiconductor regions, the channel dope layer of the 
15 second type of transistor is formed between the pair of second semiconductor 
regions, the control electrode of the second type of transistor includes: a second 
polysilicon layer which is formed on the second gate oxide film; and a second 
nitrogen-introduced region which is formed within the second polysilicon layer, the 
third type of transistor comprises: a pair of third semiconductor regions of the 
20 second conductivity type formed selectively and independently of each other within 
the semiconductor layer of the third type of transistor; and a third gate oxide film 
which is formed on the semiconductor layer of the third type of transistor, between 
the pair of third semiconductor regions; the channel dope layer of the third type 
of transistor is formed between the pair of third semiconductor regions, the control 
25 electrode of the third type of transistor includes: a third polysilicon layer which is 
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formed on the third gate oxide film; and a third nitrogen-introduced region which 
is formed within the third polysilicon layer, concentrations of the first to third 
nitrogen-introduced regions are different from each other, the first to the second 
gate oxide films have the same thickness, and the channel dope layers of the 
5 transistors of the first to the third types have the same impurity concentrations. 

Accordingly, in the third aspect of the invention, the first to third nitrogen- 
introduced regions have different concentrations from each other, the first to the 
third gate oxide films have the same thickness, and the first to the third channel 
dope layers have the same impurity concentration. Hence, in a DRAM, when the 
10 first type of transistor is applied as a sense amplifier circuit, the second type of 
transistor as a peripheral circuit and the third type of transistor as a memory cell 
array, if the impurity concentrations of the gate electrodes are the same and the 
concentrations of the first to third nitrogen-introduced regions are respectively 
changed, it is possible to change the effective thicknesses of the gate oxide films 
15 and to set a threshold value. Hence, unlike heretofore done, it is not necessary to 
change the impurity concentrations of the channel dope layers in accordance with 
characteristics of transistors, but it is possible to fix the impurity concentrations of 
the channel dope layers at such a value which suppresses a leak current from a 
diffusion layer (i.e., diffusion layer leak) to minimum. For instance, if the impurity 
20 concentrations of the channel dope layers are set so that a diffusion layer leak 
becomes minimum and a threshold value is set by means of the impurity 
concentrations of the first to third nitrogen-introduced regions and the concentration 
of nitrogen, a break through to the trade-off relationship between the threshold 
value and the diffusion layer leak is realized and a restriction upon circuitry 
25 designing is removed. Further, to change the concentrations of the first to third 



nitrogen-introduced regions is less influential over the other structures than a case 
where the impurity concentration of the channel dope layer which is formed within 
the semiconductor substrate. More precisely, ion implantation to a semiconductor 
substrate, particularly implantation at a high dose, is a cause of deterioration in the 
5 crystal quality of the semiconductor substrate. However, since the control electrode 
which is located at an outer-most position is processed in the present invention, 
such a problem is not created. 

According to a fourth aspect of the invention, in the semiconductor device of 
the second aspect, at least two types of transistors includes a first to a third types 
10 of transistors, the first type of transistor comprises: a pair of first semiconductor 
regions of the second conductivity type formed selectively and independently of 
each other within the semiconductor layer of the first type of transistor; and a first 
gate oxide film which is formed on the semiconductor layer of the first type of 
transistor, between the pair of first semiconductor regions, the channel dope layer 
15 of the first type of transistor is formed between the pair of first semiconductor 
regions, the control electrode of the first type of transistor includes: a first 
polysilicon layer which is formed on the first gate oxide film; and a first nitrogen- 
introduced region which is formed within the first polysilicon layer, the second type 
of transistor comprises: a pair of second semiconductor regions of the second 
20 conductivity type formed selectively and independently of each other within the 
semiconductor layer of the second type of transistor; and a second gate oxide film 
which is formed on the semiconductor layer of the second type of transistor, 
between the pair of second semiconductor regions, the channel dope layer of the 
second type of transistor is formed between the pair of second semiconductor 
25 regions, the control electrode of the second type of transistor includes: a second 
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polysilicon layer which is formed on the second gate oxide film; and a second 
nitrogen-introduced region which is formed within the second polysilicon layer, the 
third type of transistor comprises: a pair of third semiconductor regions of the 
second conductivity type formed selectively and independently of each other within 
5 the semiconductor layer of the third type of transistor; a third gate oxide film which 
is formed on the semiconductor layer of the third type of transistor, between the 
pair of third semiconductor regions; a floating gate electrode which is formed on 
the third gate oxide film; and an inter-layer insulation film which is formed on the 
floating gate electrode, the channel dope layer of the third type of transistor is 
10 formed between the pair of third semiconductor regions, the control electrode of the 
third type of transistor includes; a third polysilicon layer which is formed on the 
third gate oxide film; and a third nitrogen-introduced region which is formed 
within the third polysilicon layer, a concentration of the first nitrogen-introduced 
region is higher than those of the second and the third nitrogen-introduced regions, 
15 the first and the second gate oxide films have the same thickness which is a first 
thickness, while the third gate oxide film has a second thickness which is thicker 
than the first thickness, and the channel dope layers of the transistors of the first 
to the third types have the same impurity concentrations. 

Accordingly, in the fourth aspect of the invention, concentration of said first 
20 nitrogen-introduced region is higher than those of said second and said third 
nitrogen-introduced regions, said first and said second gate oxide films have the 
same thickness which is a first thickness, while said third gate oxide film has a 
second thickness which is thicker than said first thickness, and said channel dope 
layers of said first and said third types of transistors have the same impurity 
25 concentration. Hence, in a flash memory, for instance, when the first type of 
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transistor is applied to a circuit which is required to have a high breakdown voltage, 
the second type of transistor to a peripheral circuit and the third type of transistor 
to a memory cell array, it is not necessary to form the gate oxide films of 
transistors which have different breakdown voltages from each other into different 
5 thicknesses from each other. Further, in a LOGIC in FLASH, the first type of 
transistor may be applied to a circuit which is required to have a high breakdown 
voltage, the second type of transistor to a logic circuit and the third type of 
transistor to a memory cell array. In addition, since it is possible to set threshold 
values by changing the effective thicknesses of the gate oxide films, it is not 
10 necessary to change the impurity concentrations of the channel dope layers 
depending on characteristics of the transistors, and it is possible to fix the 
concentrations at such values with which a leak current from a diffusion layer (i.e., 
diffusion layer leak) can be suppressed as small as possible. Hence, by setting the 
impurity concentrations of the channel dope layers at such values with which a 
15 diffusion layer leak is as small as possible while adjusting the breakdown voltage 
characteristics and the threshold values by means of the nitrogen concentrations, it 
is possible to satisfy the requirements regarding the breakdown voltages, to break 
the trade-off relationship between the threshold values and the diffusion layer leak, 
and hence, to eliminate a restriction imposed on circuit designing. Still further, in 
20 the case of forming gate oxide films having different thicknesses from each other 
as well, by changing the effective thicknesses of the gate oxide films, it is possible 
to reduce the types of the gate oxide films. This makes it possible to simplify the 
manufacturing steps of manufacturing the gate oxide films and to obtain gate oxide 
films which are excellent in reliability and controllability of controlling film 
25 thickness. 
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According to a fifth aspect of the invention, in the semiconductor device of 
the second aspect, at least two types of transistors includes a first to a third types 
of transistors, the first type of transistor comprises: a pair of first semiconductor 
regions of the second conductivity type formed selectively and independently of 
5 each other within the semiconductor layer of the first type of transistor; and a first 
gate oxide film which is formed on the semiconductor layer of the first type of 
transistor, between the pair of first semiconductor regions, the channel dope layer 
is formed between the pair of first semiconductor regions, the control electrode of 
the first type of transistor includes: a first polysilicon layer which is formed on the 
10 first gate oxide film; and a first nitrogen-introduced region which is formed within 
the first polysilicon layer, the second type of transistor comprises: a pair of second 
semiconductor regions of the second conductivity type formed selectively and 
independently of each other within the semiconductor layer of the second type of 
transistor; and a second gate oxide film which is formed on the semiconductor layer 
15 of the second type of transistor, between the pair of second semiconductor regions, 
the channel dope layer of the second type of transistor is formed between the pair 
of second semiconductor regions, the second control electrode of the second type 
of transistor includes: a second polysilicon layer which is formed on the second 
gate oxide film; and a second nitrogen-introduced region which is formed within 
20 the second polysilicon layer, the third type of transistor comprises: a pair of third 
semiconductor regions of the second conductivity type formed selectively and 
independently of each other within the semiconductor layer of the third type of 
transistor; a third gate oxide film which is formed on the semiconductor layer of 
the third type of transistor, between the pair of third semiconductor regions; the 
25 channel dope layer of the third type of transistor is formed between the pair of third 
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semiconductor regions, the control electrode of the third type of transistor includes: 
a third polysilicon layer which is formed on the third gate oxide film; and a third 
nitrogen-introduced region which is formed within the third polysilicon layer, a 
concentration of the third nitrogen-introduced region is higher than those of the 

5 first and the second nitrogen-introduced regions, the first to the third gate oxide 
films have the same thickness, and the channel dope layers of the transistors of the 
first and the third types have the same impurity concentrations. 

Accordingly, in the fifth aspect of the invention, the concentration of the third 
nitrogen-introduced region is higher than those of the first and the second 

10 nitrogen-introduced regions, the first to the third gate oxide films have the same 
thickness, and the channel dope layers of the transistors of the first to the third 
types have the same impurity concentration. Hence, in a LOGIC in DRAM, for 
instance, by applying the first type of transistor to a logic circuit, the second type 
of transistor to a sense amplifier circuit and the third type of transistor to a memory 

15 cell array, in the memory ceil array where the nitrogen concentration is the highest, 
a depletion layer is created in a large area within the control electrodes, so that the 
oxide film thickness becomes effectively thick and the threshold value is high. 
Thus, by setting the impurity concentrations of the channel dope layers of the 
transistors of the first to the third types at such values with which a diffusion layer 

20 leak is as small as possible while setting the threshold values by means of the 
nitrogen concentrations, it is possible to break the trade-off relationship between 
the threshold values and the diffusion layer leak and hence to eliminate a restriction 
imposed on circuit designing. 

A sixth aspect of the present invention is directed to a semiconductor device 

25 including at least one transistor on a semiconductor substrate, wherein at least one 



transistor comprises: an active region which is defined by a field oxide film which 
is selectively formed on a major surface of the semiconductor substrate; an oxide 
film which is formed on the active region; and a control electrode which is formed 
on the oxide film and the field oxide film, the control electrode internally including 

5 a polysilicon layer into which an impurity of the same conductivity type as a 
source/drain layer and nitrogen are introduced, and the nitrogen is selectively 
introduced to a lower portion of the polysilicon layer on an edge portion of said 
active region in such a manner that the impurity has a relatively high concentration 
in an upper portion of the polysilicon layer but has a relatively low concentration 

10 in the lower portion of the polysilicon layer. 

Accordingly, in the sixth aspect of the invention, since nitrogen is selectively 
introduced to a lower portion of the polysilicon layer in such a manner that the 
impurity has a relatively high concentration in an upper portion of the polysilicon 
layer but has a relatively low concentration in the lower portion of the polysilicon 

15 layer, a depletion layer is created within the polysilicon layers during a device 
operation in accordance with the portion in which the concentration of the impurity 
is relatively low, so that the effective thickness of the gate oxide film is determined 
in accordance with the region in which the depletion layer is created. Hence, 
during a device operation, a range in which the depletion layer is formed becomes 

20 larger within the polysilicon layer in an edge portion of the active region, the 
effective thickness of the oxide film becomes thick, and the threshold value is 
partially increased. In the case where an SOI substrate is used as the 
semiconductor substrate, for instance, a problem of a decreased threshold value due 
to the structure of the edge portion is solved, 

25 According to a seventh aspect of the invention, in the semiconductor device 
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of the sixth aspect, nitrogen is introduced at a dose of 1 x 10^^/cm^ to 1 x 10^Vcm\ 
Accordingly, in the seventh aspect of the invention, the control electrode is 
formed on the oxide film and the field oxide film and internally includes the first 
polysilicon layer into which nitrogen is introduced and the second polysilicon layer 

5 into which the impurity of the same conductivity type as the source/drain layer are 
introduced. Hence, when the transistor operates, a depletion layer is created within 
the first polysilicon layer, the oxide film becomes effectively thick, and a threshold 
value becomes high. Therefore, even when the thickness of the oxide film is not 
appropriate for a voltage which is applied to a gate electrode, an electric field upon 

10 the oxide film is small, which in turn prevents dielectric breakdown of the oxide 
film and improves the reliability of the transistor. 

An eighth aspect of the invention is directed to a semiconductor device 
including at least one transistor on a semiconductor substrate, wherein at least one 
transistor comprises: an active region which is defined by a field oxide film which 

15 is selectively formed on a major surface of the semiconductor substrate; an oxide 
film which is formed on the active region; and a control electrode which is formed 
on the oxide film and the field oxide film, the control electrode internally including 
a first polysilicon layer into which nitrogen is introduced and a second polysilicon 
layer into which an impurity of the same conductivity type as a source/drain layer 

20 is introduced. 

According to the semiconductor device of the eighth aspect of the invention, 
the nitrogen concentration which is appropriate for the semiconductor device of the 
sixth or the seventh aspect is obtained. 

According to a ninth aspect of the invention, in the semiconductor device of 

25 the eighth aspect, nitrogen is introduced at a dose of 1 x IQ^Vcm^ to 1 X IQ^Vcm^, 
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According to the method of manufacturing a semiconductor device of the 
ninth aspect of the invention, the impurity has such a distribution of the 
concentration that the concentration is relatively high in an upper portion of the 
polysilicon layer but is in the lower portion of the polysilicon layer. Therefore, the 
5 method of manufacturing a semiconductor device of the ninth aspect of the 
invention is appropriate to manufacture the semiconductor device of the first aspect 
of the invention. 

A tenth aspect of the invention is directed to a method of manufacturing a 
semiconductor device in which there are at least one transistor on a semiconductor 

10 substrate, comprising the steps of: (a) forming a semiconductor layer of a first 
conductivity type within a surface of the semiconductor substrate, at a position 
where at least one transistor is formed; (b) selectively forming a charmel dope layer 
of the first conductivity type within the semiconductor layer of at least one 
transistor, by ion implantation; and (c) forming a control electrode above the 

15 semiconductor layer of at least one transistor, at a position facing the channel dope 
layer, wherein the step (c) includes a step (c-1) of forming a polysilicon layer 
which includes an impurity of a second conductivity type and nitrogen, and the step 
(c-1) includes a step of introducing the nitrogen to a lower portion of the 
polysilicon layer. 

20 According to the method of manufacturing a semiconductor device of the tenth 

aspect of the invention, it is possible to obtain a manufacturing method which is 
appropriate to manufacture the semiconductor device of the third aspect of the 
invention. 

According to an eleventh aspect of the invention, in the method of 
25 manufacturing a semiconductor device of the tenth aspect, at least one transistor 
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includes a first to a third types of transistors, the step (c) comprises the steps of: 
forming an oxide film on the semiconductor layers of the first to the third types of 
transistors; forming a first polysilicon layer on the oxide film; introducing an 
impurity of the second conductivity type into the first polysilicon layer, to thereby 

5 form a second polysilicon layer; introducing nitrogen into a lower portion of the 
second polysilicon layer at a dose nl, to thereby form a first nitrogen region; 
masking over the second polysilicon layer at a position at which the first type of 
transistor is formed and introducing nitrogen into the first nitrogen region within 
a remaining portion of the second polysilicon layer at a dose n2 to thereby form a 

10 second nitrogen region; masking over the second polysilicon layer at a position at 
which the second type of transistor is formed and introducing nitrogen into the 
second nitrogen region within a remaining portion of the second polysilicon layer 
at a dose n3 to thereby form a third nitrogen region; and selectively removing the 
second polysilicon layer and the oxide film by patterning, to thereby form: a first 

15 gate oxide film and the control electrode of the first type of transistor, on the 
semiconductor layer of the first type of transistor; a second gate oxide film and the 
control electrode of the second type of transistor, on the semiconductor layer of the 
second type of transistor; and a third gate oxide film and the control electrode of 
the third type of transistor, on the semiconductor layer of the third type of 

20 transistor. 

According to the method of manufacturing a semiconductor device of the 
eleventh aspect of the invention, it is possible to obtain a manufacturing method 
which is appropriate to manufacture the semiconductor device of the fourth aspect 
of the invention, 

25 According to a twelfth aspect of the invention, in the method of manufacturing 



a semiconductor device of the tenth aspect, at least one transistor includes a first 
to a third types of transistors, the step (c) comprises the steps of: forming a first 
oxide film having a first thickness on the semiconductor layers of the first to the 
third types of transistors; selectively forming a first polysilicon layer which 

5 uniformly has an impurity of the second conductivity type on the first oxide film 
on the semiconductor layer of the third types of transistor; selectively forming an 
insulation film on the first polysilicon layer while removing the first oxide film at 
positions where the first and the second types of transistors are formed; forming a 
second oxide film having a second thickness which is thinner than the first 

10 thickness on the semiconductor layer of the first of transistor and the second types 
of transistor; forming a second polysilicon layer on the second oxide film and the 
insulation film; introducing nitrogen into a lower portion of the second polysilicon 
layer at a dose nl to thereby form a first nitrogen region; masking over the second 
polysilicon layer at a position at which the second and the third types of transistors 

15 are formed and introducing nitrogen into the first nitrogen region within a 
remaining portion of the second polysilicon layer at a dose n2 to thereby form a 
second nitrogen region; and selectively removing the second polysilicon layer and 
the first and the second oxide films by patterning, to thereby form: a first gate 
oxide film and the control electrode of the first type of transistor, on the 

20 semiconductor layer of the first type of transistor; a second gate oxide film and the 
control electrode of the second type of transistor, on the semiconductor layer of the 
second type of transistor; and a third gate oxide film, a floating gate electrode, an 
inter-layer insulation film and the control electrode of the third type of transistor, 
on the semiconductor layer of the third type of transistor. 

25 According to the method of manufacturing a semiconductor device of the 
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twelfth aspect of the invention, it is possible to obtain a manufacturing method 
which is appropriate to manufacture the semiconductor device of the fifth aspect of 
the invention. 

Accordingly, an object of the present invention is to provide for a 
5 semiconductor device in which there is no trade-off relationship between a 
threshold value and a diffusion layer leak and it is not necessary to form gate oxide 
films at more than one steps, and to provide for a method of manufacturing such 
a semiconductor device. 

These and other objects, features, aspects and advantages of the present 
10 invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings, 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram for describing the function of nitrogen within a gate 
electrode; 

15 Fig. 2 is a diagram for describing distributions of an impurity and nitrogen 

within the gate electrode; 

Figs. 3 and 4 are diagrams for describing the function of nitrogen within a 
gate electrode; 

Fig. 5 is a cross sectional view showing a structure of a first preferred 
20 embodiment of the present invention; 

Fig. 6 is a diagram for describing a nitrogen distribution according to the first 
preferred embodiment of the present invention; 

Fig. 7 is a diagram for describing an impurity distribution according to the 
first preferred embodiment of the present invention; 
25 Fig. 8 is a diagram for describing a thickness of a gate oxide film in the first 
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preferred embodiment of the present invention; 

Figs. 9 to 15 are diagrams showing manufacturing steps according to the first 
preferred embodiment of the present invention; 

Fig. 16 is a cross sectional view showing a structure of a second preferred 
embodiment of the present invention; 

Fig. 17 is a diagram for describing a nitrogen distribution according to the 
second preferred embodiment of the present invention; 

Fig, 18 is a diagram for describing an impurity distribution according to the 
second preferred embodiment of the present invention; 

Fig. 19 is a diagram for describing a thickness of a gate oxide film in the 
second preferred embodiment of the present invention; 

Figs, 20 to 33 are diagrams showing manufacturing steps according to the 
second preferred embodiment of the present invention; 

Fig. 34 is a cross sectional view showing a structure of a third preferred 
embodiment of the present invention; 

Fig, 35 is a diagram for describing a nitrogen distribution according to the 
third preferred embodiment of the present invention; 

Fig. 36 is a diagram for describing an impurity distribution according to the 
third preferred embodiment of the present invention; 

Fig. 37 is a diagram for describing a thickness of a gate oxide film in the third 
preferred embodiment of the present invention; 

Figs. 38 to 44 are diagrams showing manufacturing steps according to the 
third preferred embodiment of the present invention; 

Fig. 45 is a cross sectional view showing a structure of a fourth preferred 
embodiment of the present invention; 



58 

Fig. 46 is a diagram for describing a nitrogen distribution according to the 
fourth preferred embodiment of the present invention; 

Fig. 47 is a diagram for describing an impurity distribution according to the 
fourth preferred embodiment of the present invention; 
5 Fig. 48 is a diagram for describing a thickness of a gate oxide film in the 

fourth preferred embodiment of the present invention; 

Figs. 49 to 62 are diagrams showing manufacturing steps according to the 
fourth preferred embodiment of the present invention; 

Fig. 63 is a circuitry diagram for describing a fifth preferred embodiment of 
10 the present invention; 

Fig, 64 is a diagram showing a structure of the fifth preferred embodiment of 
the present invention; 

Fig. 65 is a perspective view of a MOS transistor, describing the fifth 
preferred embodiment of the present invention; 
15 Figs. 66 and 67 are diagrams showing a manufacturing step according to the 

fifth preferred embodiment of the present invention; 

Fig. 68 is a diagram showing a first modification of the fifth preferred 
embodiment of the present invention; 

Fig. 69 is a diagram showing a second modification of the manufacturing step 
20 according to the fifth preferred embodiment of the present invention; 

Fig. 70 is a diagram showing an example of an application of the second 
modification of the manufacturing step according to the fifth preferred embodiment 
of the present invention; 

Fig. 71 is a diagram for describing an overall structure of a conventional 
25 DRAM; 



59 

Fig. 72 is a cross sectional view for describing a structure of the conventional 
DRAM; 

Fig, 73 is a diagram for describing a distribution of an impurity within the 
conventional DRAM; 

5 Figs. 74 to 79 are diagrams showing manufacturing steps of manufacturing the 

conventional DRAM; 

Fig. 80 is a diagram for describing an overall structure of a conventional flash 
memory; 

Fig, 81 is a cross sectional view for describing a structure of the conventional 
10 flash memory; 

Fig. 82 is a diagram for describing a thickness of a gate oxide film in the 
conventional flash memory; 

Figs. 83 to 96 are diagrams showing manufacturing steps of manufacturing the 
conventional flash memory; 
15 Fig. 97 is a diagram for describing an overall structure of a conventional 

LOGIC in DRAM; 

Fig. 98 is a cross sectional view for describing a structure of the conventional 
LOGIC in DRAM; 

Fig. 99 is a diagram for describing a distribution of an impurity within the 
20 conventional LOGIC in DRAM; 

Fig. 100 is a diagram for describing a thickness of a gate oxide film in the 
conventional LOGIC in DRAM; 

Figs. 101 to 109 are diagrams showing manufacturing steps of manufacturing 
the conventional LOGIC in DRAM; 
25 Fig. 110 is a diagram for describing an overall structure of a conventional 
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LOGIC in FLASH; 

Fig. Ill is a cross sectional view for describing a structure of the conventional 
LOGIC in FLASH; 

Fig. 112 is a diagram for describing a distribution of an impurity within the 
5 conventional LOGIC in FLASH; 

Fig. 113 is a diagram for describing a thickness of a gate oxide film in the 
conventional LOGIC in FLASH; and 

Figs. 114 to 127 are diagrams showing manufacturing steps of manufacturing 
the conventional LOGIC in FLASH. 
10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In general, a gate electrode (of polysilicon) forming a MOS transistor is doped 
with an N-type impurity or a P-type impurity. This aims at reducing the resistance 
of a gate by means of doping with the impurity. Further, whether to use an N-type 
impurity or a P-type impurity depends on the type of a well layer. That is, when 
15 a P-type gate electrode is selected for an N-type well or an N-type gate electrode 
is selected for a P-type well, it is possible to suppress a threshold value. 

Fig, 1 shows a structure of a MOS transistor Ml which is formed by doping 
a gate electrode with an impurity by ion implantation. It is known that in such a 
gate electrode, introduction of nitrogen in the vicinity of an interface between the 
20 gate electrode and a gate oxide film realizes an effect of improving the reliability 
of an oxide film and suppressing a phenomena that later heating processing allows 
the impurity to pass through the gate electrode and diffuse into a substrate. 

Hence, in the MOS transistor Ml shown in Fig, 1, an impurity layer IL and 
a nitrogen-introduced layer NL are formed both of which have a distribution of 
25 concentration. 
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Fig. 2 shows an impurity profile and a nitrogen profile of the MOS transistor 
Ml. In Fig. 2, the impurity concentration of a gate electrode Gl of the MOS 
transistor Ml shown in Fig. 1 taken along A-A' line has a distribution that the 
concentration surges in the form of a curve at an interface between a gate oxide 
film (SiO.) Zl and the gate electrode (polysilicon) Gl, reaches a first peak, 
decreases in the form of a curve, surges in the form of a curve again, reaches a 
second peak, and decreases in the form of a curve again. 

Meanwhile, the nitrogen concentration has a distribution that the concentration 
surges in the form of a curve at an interface between a well layer Wl (Si) and the 
gate oxide film (SiO.) Zl, reaches a peak at the interface between the gate oxide 
film (SiOo) Zl and the gate electrode (polysilicon) Gl, and decreases in the form 
of a curve. 

In Fig. 2, the nitrogen concentration and the impurity concentration are 
measured along a horizontal axis, whereas a distance (i.e., depth) in the direction 
of A-A' line is measured along a vertical axis. In Fig. 2, an Si-Si02 interface is 
the interface between the well layer Wland the gate oxide film Zl, and Si02- 
polysilicon interface is the interface between the gate oxide film Zl and the gate 
electrode Gl, 

As described earlier, since nitrogen has a function of suppressing diffusion of 
an impurity, the higher the concentration of nitrogen which is introduced in the 
vicinity of the interface between the gate electrode Gl and the gate oxide film Zl 
is, the lower the impurity concentration in the vicinity of this interface becomes. 
It is known that if an impurity concentration becomes too low within a gate 
electrode, a depletion layer is created within the gate electrode when a transistor 
operates. Excessive introduction of nitrogen causes a problem that a depletion layer 
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is developed. 

A phenomena that excessive introduction of nitrogen creates a depletion layer 
will be described with reference to Figs. 3 and 4. Fig. 3 shows a condition of a 
depletion layer DPI which is formed within a gate electrode G2 in a MOS 
5 transistor M2 which has a relatively low nitrogen concentration, and a nitrogen 
profile and an impurity profile taken along A-A' line of the gate electrode G2. 

Fig, 4 shows a condition of a depletion layer DP2 which is formed within a 
gate electrode G3 in a MOS transistor M3 which has a relatively high nitrogen 
concentration, and a nitrogen profile and an impurity profile taken along A-A' line 
10 of the gate electrode 03, 

Comparing the two drawings, it is understood that the higher the nitrogen 
concentration in the vicinity of the interface between the gate electrode and the gate 
oxide film is, the lower the impurity concentration in the vicinity of this interface 
becomes, and that the depletion layer DP2 within the gate electrode G3 is formed 
15 in a larger area than the depletion layer DPI within the gate electrode G2. 

When a depletion layer is developed, a voltage drop occurs within the 
depletion layer. Hence, a voltage which is applied upon an element becomes lower 
than an applied voltage. In short, an oxide film thickness becomes effectively 
thick. This creates problems such as an increased threshold value and a decreased 
20 drain current. 

The present invention makes a positive use of a depletion layer which is 
formed within a gate electrode, so that a plurality of types of transistors are formed 
within one chip without excessive introducing nitrogen and hence by deteriorating 
the reliability of a gate oxide film and suppression of a gate impurity diffusion. 
25 In the following, preferred embodiments of the present invention will be 
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described in relation to examples of a DRAM, a flash memory, a logic in DRAM, 
and a LOGIC in flash memory. 
<First Preferred Embodiment> 

<1-1. Structure Of Device> 
5 Fig. 5 shows a partial structure of a DRAM 100 in which a plurality of types 

of transistors are formed, as a first preferred embodiment of the present invention. 
In general, a DRAM comprises not only a memory cell array portion for storing 
data, but also a sense amplifier portion and a peripheral circuit portion (e.g., an 
address buffer, an X decoder, a Y decoder, a row/column clock circuit, an I/O pass 

10 circuit, a refresh circuit, etc.). 

Any these portions are formed by transistors, and different characteristics are 
required from the respective transistors. For example, with respect to threshold 
values, while a threshold value for a transistor of the memory cell array portion is 
about IV and a threshold value for transistors of the peripheral circuit portions are 

15 about 0.8V, a threshold value for the transistor of the sense amplifier portion must 
be suppressed as low as 0.4V. 

Fig. 5 shows cross sections of N-channel MOS transistors T41 to T43 which 
are used for the sense amplifier portion, the peripheral circuit portion, and the 
memory cell array portion. 

20 In Fig. 5, the N-channel MOS transistors T41 to T43 formed within a P-type 

well layer 101 which is formed on the same semiconductor substrate 1 (of the 
P-type). The well layer 101 is element-separated by a channel cut layer 102 and 
a LOCOS layer 2 in such a manner that the N-channel MOS transistors T41 to T43 
are formed in regions which are created by element separation. 

25 The N-channel MOS transistor T41 of the sense amplifier portion comprises 
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a pair of source/drain layers 106 formed within the well layer 101 independently 
of each other but parallel to each other and a pair of low dope drain layers 
(hereinafter "LDD layers") 107 formed adjacent to edge portions facing each other 
of the source/drain layers 106. 
5 The gate oxide film 3 is formed on the LDD layers 107, and a gate electrode 

4A is formed on the gate oxide film 3. A side wall oxide film 5 is formed on a 
side surface of the gate oxide film 3 and the gate electrode 4A. Within the well 
layer 101 under the gate electrode 4A, a channel dope layer 103A is formed. 

In the gate electrode 4 A, a nitrogen-introduced region Nl is formed in the 
10 vicinity of an interface with the gate oxide film 3. 

The N-channel MOS transistor T42 of the peripheral circuit portion comprises 
a pair of source/drain layers 106 formed within the well layer 101 independently 
of each other but parallel to each other and a pair of LDD layers 107. 

The gate oxide film 3 is formed on the LDD layers 107, and a gate electrode 
15 4B is formed on the gate oxide film 3. The side wall oxide film 5 is formed on a 
side surface of the gate oxide film 3 and the gate electrode 4B. Within the well 
layer 101 under the gate electrode 4B, a channel dope layer 103B is formed. 

In the gate electrode 4B a nitrogen-introduced region N2 is formed in the 
vicinity of an interface with the gate oxide film 3. 
20 The N-channel MOS transistor T43 of the memory cell array portion 

comprises a pair of source/drain layers 106 formed within the well layer 101 
independently of each other but parallel to each other and a pair of LDD layers 
107. 

A gate oxide film 3 is formed on the source/drain layers 106 and the LDD 
25 layers 107, and a gate electrode 4C is formed on the gate oxide film 3. The side 
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wall oxide film 5 is formed on a side surface of the gate oxide film 3 and the gate 
electrode 4C, Within the well layer 101 under the gate electrode 4C, a channel 
dope layer 103C is formed. The memory cell array portion has a gate array 
structure in which adjacent gates share one source/drain layer 106. Such structures 
5 are arranged successively. 

In the gate electrode 4C, a nitrogen-introduced region N3 is formed in the 
vicinity of an interface with the gate oxide film 3. 

Table 5 shows figures regarding the structures of the N-channel MOS 
transistors T41 to T43. 
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In Table 5, impurity doses for forming the channel dope layers of the 
N-channel MOS transistors T41, T42 and T43 are equally 5 X lO^Vcml Phosphorus 
(P) is implanted as an impurity for either layers with the implantation energy of 
30keV. 

5 Doses of nitrogen are 1 X 10^^/cm^ 3 X lO^Vcm'^ and 1 X 10^Vcm% respectively. 

The implantation energy is equally lOkeV. 

Figs. 6 and 7 show nitrogen profiles and impurity profiles of the N-channel 

MOS transistors T41, T42 and T43 forming the sense amplifier portion, the 

peripheral circuit portion and the memory cell array portion, all of which are shown 
10 in Fig, 5, taken at cross sectional portions along A- A' line, B-B' line and C-C 

line, respectively. 

In Figs. 6 and 7, a position (i.e., depth) in a cross sectional direction is shown 
along a horizontal axis and nitrogen concentrations and impurity concentrations are 
shown along a vertical axis. There are the gate electrode (polysilicon layer), the 

15 gate oxide film (SiOn layer) and the well layer (bulk silicon layer) in this order 
along the horizontal axis from the left-hand side. 

As shown in Table 5, since the nitrogen doses are different from each other 
among gate electrodes 4A to 4C of the N-channel MOS transistors T41 to T43, and 
therefore, the nitrogen concentrations are different from each other. The nitrogen 

20 concentrations are progressively higher in the order of higher threshold values 
which are expected in the gate electrodes. In short, as indicated at the A-A* line 
in Fig. 6, the transistor T41 of the sense amplifier portion has the lowest value, 
exceeded by the transistor T42 of the peripheral circuit portion (B-B' line) and the 
transistor T43 of the memory cell array portion (C-C line) in this order. 

25 Further, nitrogen is present in each gate oxide film, and a relationship 
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regarding the concentrations is maintained. The profile is such that nitrogen does 
not almost exist in a portion in the well layer other than in the vicinity of the 
interface with the gate oxide films. 

In addition, as shown in Fig. 7, with respect to the impurity profiles in the 
5 gate electrodes, the profile of the transistor T41 of the sense amplifier portion is the 
flattest as indicated by A-A' line, and the profile of the transistor T42 of the 
peripheral circuit portion and the profile of the transistor T43 of the memory cell 
array portion change progressively more abruptly in this order as indicated by B-B' 
line and C-C line, respectively. This is because diffusion and activation of an 
10 impurity is suppressed more in a gate electrode in which a larger amount of 
nitrogen is introduced. 

Since impurity dose are the same between the channel dope layers 103A to 
103C of the N-channel MOS transistors T41 to T43, the A-A line, the B-B* line 
and the C-C line overlap each other. 
15 Diffusion and activation of an impurity is suppressed more in a gate electrode 

in which a larger amount of nitrogen is introduced, so that the impurity 
concentration in the vicinity of the gate oxide films becomes lower. Hence, in the 
memory cell array portion in which the impurity concentration is the lowest, the 
depletion layer is the largest at the gate electrode, the effective thickness of the 
20 oxide film is the thickest, and the threshold value is high. 

Fig. 8 shows actual thicknesses and effective thicknesses of the respective gate 
oxide films. Fig. 8 shows the N-channel MOS transistors of the sense amplifier 
portion, the peripheral circuit portion and the memory cell array portion in this 
order from the left-hand side along the horizontal axis. As clearly shown in Fig. 
25 8, the effective thicknesses of the respective gate oxide films are progressively 
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thicker in the order of the sense amplifier portion, the peripheral circuit portion and 
the memory cell array portion. 

<l-2. Manufacturing Method> 

In the following, a description will be given on a method of manufacturing the 
5 N-channel MOS transistors T41, T42 and T43 of the sense amplifier portion, the 
peripheral circuit portion and the memory cell array portion which form the DRAM 
100 which is shown in Fig, 5, with reference to Figs, 9 to 15. 

First, at a step shown in Fig. 9, a LOCOS layer (i.e., field oxide film) 2 is 
formed into a thickness of 4,000 A, for instance, by a LOCOS method on a surface 

10 of the semiconductor substrate 1 of the P-type. Following this, boron ions, for 
instance, are implanted with the energy of 700 keV and at a dose of 1 X lO^Vcm', 
thereby forming a P-type well region 101 within the semiconductor substrate 1. 
Although an N-type well region as well is formed in the semiconductor substrate 
1 in order to form P-channel MOS transistors, this is not shown and a description 

15 will be omitted. Next, boron ions, for example, are implanted with the energy of 
130 keV and at a dose of 5 X lO^Vcm^ thereby forming the channel cut layer 102 
within the semiconductor substrate 1, The channel cut layer 102 is formed in such 
a shape which together with the LOCOS layer 2 creates the element-separated 
regions. 

20 Next, at a predetermined position within the well region 101, a channel dope 

layer 100 which will become the channel dope layers 103A to 103C is formed. At 
this stage, the channel dope layer 100 is formed also in regions within the 
transistors T2 and T3 of the peripheral circuit portion and the memory cell array 
portion. The channel dope layer 100 is formed by implanting boron ions, for 

25 instance, with the energy of 50 keV and at a dose of 1 X lO^Vcm^. 
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Next, at a step shown in Fig, 10, after forming an oxide film 31 which will 
become the gate oxide film 3 on a main surface of the semiconductor substrate 1 
by a thermal oxide method, a (non-doped) polysilicon layer 42 is formed as a gate 
electrode material on the gate oxide film 3 by a CVD method. The oxide film 31 
5 has a thickness of about 100 A, whereas the polysilicon layer 42 has a thickness of 
about 2,000 A, 

Next, at a step shown in Fig. 11, impurity ions are implanted into the 
polysilicon layer 42 by ion implantation, whereby a doped polysilicon layer 421 is 
formed. The doped polysilicon layer 421 is formed by implanting phosphorus ions, 

10 for instance, with the energy of 30 keV and at a dose of 5 X lO^Vcml 

Next, at a step shown in Fig. 12, nitrogen ions are implanted into the doped 
polysilicon layer 421 by ion implantation in accordance with the N-channel MOS 
transistor T41 of the sense amplifier portion, which has the lowest nitrogen 
concentration within the gate electrode, thereby forming a nitrogen- introduced layer 

15 Nl. At this stage, the nitrogen-introduced layer Nl is formed also the doped 
polysilicon layer 421 in the peripheral circuit portion and the memory cell array 
portion. The nitrogen-introduced layer Nl is formed by implanting nitrogen ions 
with the energy of 10 keV and at a dose of 1 X 10^Vcm% for instance. 

Next, at a step shown in Fig, 13, a resist mask R204 is formed on the sense 

20 amplifier portion. Nitrogen ions are additionally implanted in a selective fashion 
into the doped polysilicon layer 421 of the peripheral circuit portion and the 
memory cell array portion, thereby forming a nitrogen-introduced region N2 which 
has a concentration which is in accordance with the N-channel MOS transistor T42 
of the peripheral circuit portion. At this stage, the nitrogen-introduced region N2 

25 is formed also the doped polysilicon layer 421 in the memory cell array portion. 
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The nitrogen-introduced region N2 is formed by implanting nitrogen ions with the 
energy of 10 keV and at a dose of 2Xl()^7cm% for instance. 

Next, after removing the resist mask R204, at a step shown in Fig. 14, a resist 
mask R205 is formed on the sense amplifier portion and the peripheral circuit 
5 portion and nitrogen ions are additionally implanted in a selective fashion into the 
doped poly silicon layer 42B of the memory cell array portion, thereby forming a 
nitrogen-introduced region N3 which has a concentration which is in accordance 
with the N-channel MOS transistor T43 of the memory cell array portion. The 
nitrogen-introduced region N3 is formed by implanting nitrogen ions with the 

10 energy of 10 keV and at a dose of 7X lO^Vcm% for instance. 

Next, at a step shown in Fig. 15, a resist mask R206 is formed on the doped 
polysilicon layers 42A to 42C and patterned so that the gate electrodes 4A to 4C 
and the gate oxide film 3 are formed. 

Next, after forming the LDD layers 107 in the sense amplifier portion, the 

15 peripheral circuit portion and the memory cell array portion by ion implantation, 
the side wall oxide film 5 is formed on a side surface of the gate oxide film 3 and 
the gate electrodes 4A to 4C into a thickness of about 1,000 A. Using the side wall 
oxide film 5 as a mask, by ion implantation, the source/drain layers 106 are formed. 
In this manner, the structure of the DRAM 100 which is shown in Fig, 5 is 

20 obtained. 

The LDD layers 107 are obtained by injecting arsenic (As) ions, for instance, 
with the energy of 30 keV and at a dose of 1 X lO^Vcm'. Meanwhile, the 
source/drain layers 106 are obtained by injecting arsenic ions, for instance, with the 
energy of 50 keV and at a dose of 5 X lO^Vcm^ and thereafter annealing at 850V 
25 for 60 minutes. 
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While the nitrogen-introduced regions Nl to N3 are in contact with the gate 
oxide film 3 in Fig. 15, this is a result of diffusion of the introduced nitrogen by 
heating processing during formation of the source/drain layer and the like, and 
subsequent aggregation of the introduced nitrogen in the vicinity of the interface 
5 with the gate oxide film 3 which contains a number of crystal defects. 

Although this is followed by formation of a capacitor, an inter-layer insulation 
film, a wiring layer and the like to form the DRAM, this will not be described nor 
is shown in the drawings. 

<l-3. Characteristic Function And Effect> 

If^ As described above, the DRAM 100 according to the first preferred 

embodiment of the present invention has such a structure in which the nitrogen 
concentrations of the gate electrodes are changed among the plurality of types of 
transistors having different characteristics from each other (e.g., having different 
required specifications from each other) so that the effective thicknesses of the 

15 respective gate oxide films are changed and the threshold values are set. This 
eliminates the necessity of changing the impurity concentrations of the channel 
dope layers in accordance with the characteristics of the transistors, and therefore, 
it is possible to fix the concentrations at such values with which a leak current (i.e., 
diffusion layer leak) from a diffusion layer can be suppressed as small as possible. 

20 Hence, by setting the impurity concentrations of the channel dope layers at 

such values with which a diffusion layer leak is as small as possible while setting 
threshold values by means of the nitrogen concentrations of the gate electrodes, it 
is possible to break the trade-off relationship between the threshold values and the 
diffusion layer leak and hence to eliminate a restriction imposed on circuit 

25 designing. 



73 

To change the impurity concentrations of the gate electrodes independently is 
less influential over the other structures than to change the nitrogen concentrations 
of the channel dope layers which are formed within the semiconductor substrate. 
That is, when ions are to be implanted into the semiconductor substrate, in 
5 particular, when implantation at a high dose is to be executed, this causes crystal 
deterioration of the semiconductor substrate. However, in the present invention, 
since nitrogen ions are implanted into the gate electrodes which are located in the 
outer-most layer, this problem does not occur. It is only necessary to set an 
implantation range in such a manner that the nitrogen ions will not reach the gate 
10 oxide films. 

Although the foregoing has described that the impurity concentrations of the 
channel dope layers 103A to 103C are the same, the nitrogen concentrations do not 
have to be the same with each other. For instance, when it is not possible to adjust 
the threshold values sufficiently only by changing the impurity concentrations of 

15 the gate electrodes, the threshold values may be adjusted by changing the impurity 
concentrations of the channel dope layers 103A to 103C. Since this is an auxiliary 
process, an increase in the impurity concentrations is small. This does not largely 
increase in the diffusion layer leak, nor allows ion implantation to cause crystal 
deterioration of the semiconductor substrate. 

20 Further, although there are a number of crystal defects in the vicinity of the 

interface between the gate electrodes and the gate oxide film, as nitrogen is 
introduced into the gate electrodes, nitrogen atoms are combined with dangling 
bonds, one of causes creating crystal defects, so that the crystal defects are 
recovered. Hence, the reliability of the gate oxide film is improved. 

25 Moreover, since the nitrogen -introduced regions Nl to N3 are formed in the 



vicinity of the interface with the gate oxide film 3 within the gate electrodes 4A to 
4C, it is possible to suppress punch-through of the impurity which is implanted into 
the gate electrodes. That is, the implanted impurity is diffused by heating or other 
processing which is performed later, since the implanted impurity has a 
5 concentration profile. When the implanted impurity diffuses excessively, in some 
cases, the implanted impurity pass through the gate oxide film, reaching to the 
silicon substrate. This phenomena is called "punch-through." If punch-through 
occurs, the impurity concentration changes in the channel regions, and therefore, 
basic electric characteristics such as a threshold value are changed. However, the 
10 nitrogen-introduced regions Nl to N3 prevents this. 
< 1 -4. Modif ications> 

The foregoing has described the manufacturing method of manufacturing the 
DRAM 100 according to the first preferred embodiment described with reference 
to Figs. 9 to 15, in relation to an example where impurity ions are implanted into 

15 the polysilicon layer 42 by ion implantation to thereby form the doped polysilicon 
layer 421 (See Fig. 11). 

However, the doped polysilicon layer may be formed by in-situ doping in 
which an impurity is introduced at the same time when the polysilicon layer is 
formed by using stacking material gas with gas which contains an impurity such as 

20 phosphorus during formation of the polysilicon layer by a CVD method. This 
method may be used to form the polysilicon layer, which is a major material of the 
gate electrodes, in second to fourth preferred embodiments which will be described 
later. 

The impurity concentration is uniform within the doped polysilicon layer 
25 which is formed in this manner, so that diffusion of the impurity due to heating 
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processing or the like is suppressed. 

Further, the foregoing has described the manufacturing method of 
manufacturing the DRAM 100 according to the first preferred embodiment 
described with reference to Figs. 9 to 15, also in relation to an example where the 
5 nitrogen-introduced region Nl is formed in the gate electrode 4A as well of the 
N-channel MOS transistor T41 of the sense amplifier portion in which an area 
where the depletion layer is formed is the smallest (See Fig, 12). 

However, a threshold value may be adjusted by adjusting the impurity 
concentration of the channel dope layer, without forming the nitrogen-introduced 
10 region Nl in the gate electrode 4A. 

Such a structure eliminates the step of introducing nitrogen at least once, 
which in turn simplifies the manufacturing processes. 

While the foregoing has described the structure in which various types of 
transistors are formed on a single crystal substrate as the first preferred embodiment 
15 of the present invention, it is possible to achieve similar function and effect in the 
case where various types of transistors are formed on an SOI (silicon on insulator) 
substrate. 

<Second Preferred Embodiment> 

<2-l. Structure Of Device> 

20 Fig. 16 shows a partial structure of a flash memory 2{)() in which a plurality 

of types of transistors are formed, as a second preferred embodiment of the present 
invention. In general, a flash memory is different from a DRAM in using a high 
voltage, such as lOV, for writing and erasing. To this end, a flash memory 
comprises not only a memory cell array portion for storing data, but also a 

25 high-voltage resistant portion, such as an X decoder and a Y decoder, which is 
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used after stepping up, a peripheral circuit portion (i.e., an address buffer, a 
row/column clock portion, an I/O pass portion, a data register portion, a sense 
amplifier portion, an operation control portion), and the like. Although any these 
portions are formed by transistors, due to differences between voltages used, a 
5 plurality of types of transistors which have different characteristics from each other 
are needed. 

Fig. 16 shows cross sections of N-channel MOS transistors T51 to T53 which 
are used for the high-voltage resistant portion, the peripheral circuit portion, and 
the memory cell array portion. 

10 In Fig. 16, the N-channel MOS transistors T51 to T53 formed within a 

P-type well layer 121 which is formed on the same semiconductor substrate 21 (of 
the P-type). The well layer 121 is element-separated by a charmel cut layer 122 
and a LOCOS layer 22 in such a manner that the N-channel MOS transistors T51 
to T53 are formed in regions which are created by element separation. 

15 The N-channel MOS transistor T51 of the high-voltage resistant portion 

comprises a pair of source/drain layers 126 formed within the well layer 121 
independently of each other but parallel to each other and a pair of LDD layers 127 
formed adjacent to edge portions facing each other of the source/drain layers 126. 
The gate oxide film 25A is formed on the LDD layers 127, and a gate 

20 electrode 29A is formed on the gate oxide film 25A. A side wall oxide film 30 is 
formed on a side surface of the gate oxide film 25A and the gate electrode 29A. 
Within the well layer 121 under the gate electrode 29A, a channel dope layer 123 
is formed, 

A nitrogen-introduced region Nil is formed in the vicinity of the interface 
25 with the gate oxide film 25A within the gate electrode 29A. 
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The N-channel MOS transistor T52 of the peripheral circuit portion comprises 
a pair of source/drain layers 126 formed within the well layer 121 independently 
of each other but parallel to each other and a pair of LDD layers 127. 

The gate oxide film 25 A is formed on the LDD layers 127, and a gate 
5 electrode 29B is formed on the gate oxide film 25A. The side wall oxide film 30 
is formed on a side surface of the gate oxide film 25A and the gate electrode 29B. 
Within the well layer 121 under the gate electrode 29B, a channel dope layer 124 
is formed. 

A nitrogen-introduced region N12 is formed in the vicinity of the interface 
10 with the gate oxide film 25 A within the gate electrode 29B. 

The N-chaimel MOS transistor T53 of the memory cell array portion 
comprises a pair of source/drain layers 126 formed within the well layer 121 
independently of each other but parallel to each other. A tunnel oxide film 23 is 
formed on edge portions of the source/drain layers 126. A floating gate electrode 
15 27, an inter-layer insulation film (ONO film) 24 and a control gate electrode 29C 
are formed in this order on the tunnel oxide film 23. The control gate electrode 
29C has the same structure as the gate electrodes, and therefore, will be treated as 
a gate electrode in the following. 

Further, the side wall oxide film 30 is formed on a side surface of the tunnel 
20 oxide film 23, the floating gate electrode 27, the inter-layer insulation film 24 and 
the control gate electrode 29C. 

A nitrogen-introduced region N12 is formed in the vicinity of the interface 
with the inter-layer insulation film 24 within the gate electrode 29C. 

In addition, a channel dope layer 125 is formed within the well layer 121 
25 under the floating gate electrode 27, The memory cell array portion has a gate 
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array structure in which adjacent gates share one source/drain layer 126. Such 
structures are arranged successively. 

Table 6 shows figures regarding the structures of the N-channel MOS 
transistors T51 to T53. 
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In Table 6, the flash memory 200 is characteristic in that the gate electrode 
29A of the N-channel MOS transistor T51 of the high-voltage resistant portion has 
the highest nitrogen concentration, and the nitrogen doses for the impurity 
concentration of the gate electrode 29B of the N-channel MOS transistor T52 of 
5 the peripheral circuit portion and the gate electrode 29C of the N-channel MOS 
transistor T53 of the memory cell array portion are the same,. 

Figs, 17 and 18 show impurity profiles of the N-channel MOS transistors 
T51, T52 and T53 forming the high-voltage resistant portion, the peripheral circuit 
portion and the memory cell array portion, all of which shown in Fig. 16, taken at 
10 cross sectional portions along A-A' line. B-B' line and C-C line, respectively. 

In Figs. 17 and 18, a position (i.e., depth) in a cross sectional direction is 
shown along a horizontal axis, and a nitrogen concentration and an impurity 
concentration are shown along a vertical axis. The order in which the structure of 
the N-channel MOS transistor T53 of the memory cell array portion is fabricated 
15 is illustrated in an upper portion of Fig. 17, while the order in which the other 
structures are fabricated is illustrated along the horizontal axis. 

The upper portions of Figs, 17 and 18 show the control gate electrode 
(polysilicon layer), the inter-layer insulation film (ONO film), the floating gate 
electrode (polysilicon layer), the tunnel oxide film (SiOo layer) and the well layer 
20 (bulk silicon layer) in this order from the left-hand side. 

Further, Figs. 17 and 18 show the gate electrode (polysilicon layer), the gate 
oxide film (SiO. layer) and the well layer (bulk silicon layer) in this order along 
the horizontal axis. 

In Fig, 17, as indicated at the A- A' line, the nitrogen concentration of the gate 
25 electrode in the high-voltage resistant portion is the highest, and the nitrogen 
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concentration of the gate electrode in the peripheral circuit portion indicated at the 
B-B' line and the nitrogen concentration of the gate electrode in the memory cell 
array portion indicated at the C-C line are the same. 

Further, nitrogen is present in the gate oxide film and the inter-layer 
5 insulation film, and a relationship regarding the concentrations is maintained. The 
profile is such that nitrogen does not almost exist in a portion in the well layer 
other than in the vicinity of the interface with the gate oxide film. 

In addition, as shown in Fig. 18, with respect to the impurity profiles in the 
gate electrodes, the profile of the transistor T51 of the high-voltage resistant 
10 portion is most abrupt as indicated by A-A' line, and the profile of the transistor 
T52 of the peripheral circuit portion and the profile of the transistor T53 of the 
memory cell array portion change moderately. This is because diffusion and 
activation of an impurity is suppressed more in a gate electrode in which a larger 
amount of nitrogen is introduced. 
15 Hence, in the transistor T51 of the high-voltage resistant portion, the depletion 

layer is the largest so that the effective thickness of the oxide film is the thickest 
and the high-voltage resistant portion can withstand a high voltage. 

Fig, 19 shows actual thicknesses and effective thicknesses of the respective 
gate oxide films. Fig. 19 shows the N-channel MOS transistors of the 
20 high-voltage resistant portion, the peripheral circuit portion and the memory cell 
array portion in this order from the left-hand side along the horizontal axis. In the 
memory cell array portion, the tunnel oxide film is treated as the gate oxide film. 
As clearly shown in Fig. 19, among the effective thicknesses of the respective gate 
oxide films, the effective thickness is particularly thick in the high-voltage resistant 
25 portion. 
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Further, as shown in Fig. 18, in any one of the transistors of the high-voltage 
resistant portion (A-A' line), the peripheral circuit portion (B-B' line) and the 
memory cell array portion (C-C line), the impurity concentration of the channel 
dope layer stays the same. 
5 Since the floating gate electrode of the N-channel MOS transistor T53 of the 

memory cell array portion is formed by a CVD method, the impurity concentration 
remains constant. 

<2-2. Manufacturing Method> 

In the following, a description will be given on a method of manufacturing the 
10 N-channel MOS transistors T51, T52 and T53 of the high-voltage resistant portion, 
the peripheral circuit portion and the memory cell array portion, all of which shown 
in Fig. 16, with reference to Figs. 20 to 33. 

First, at a step shown in Fig. 20, a LOCOS layer (i.e., field oxide film) 22 is 
formed into a thickness of 4,000 A, for instance, by a LOCOS method on a surface 
15 of the semiconductor substrate 21 of the P-type. Following this, boron ions, for 
instance, are implanted with the energy of 700 keV and at a dose of 1 x 10^7cm^ 
thereby forming a P-type well region 121 within the semiconductor substrate 21. 
Although an N-type well region as well is formed in the semiconductor substrate 
21 in order to form P-channel MOS transistors, this is not shown and a description 
20 will be omitted. Next, boron ions, for example, are implanted with the energy of 
130 keV and at a dose of 5 X 10^^/cm^ thereby forming the channel cut layer 122 
within the semiconductor substrate 21. The channel cut layer 122 is formed in such 
a shape which together with the LOCOS layer 22 creates the element-separated 
regions. 

25 Next, at a predetermined position in the high-voltage resistant portion, the 
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peripheral circuit portion and the memory cell array portion within the well region 
121, a channel dope layer 120. The channel dope layer 120 is formed by 
implanting boron ions, for instance, with the energy of 50 keV and at a dose of 
5 X lO^'/cml 

5 Next, at a step shown in Fig. 21, after forming an oxide film 231 which will 

become the tunnel oxide film 23 on a main surface of the semiconductor substrate 
21 by a thermal oxide method, a doped polysilicon layer 271, for instance, is 
formed as a gate electrode material on the oxide film 231 by a CVD method. The 
oxide film 231 has a thickness of about 100 A, whereas the doped polysilicon layer 

10 271 has a thickness of about 1,000 A. Phosphorus (P) is used as an impurity. The 
concentration of the impurity is about 1 X lO^^cm^. 

Next, at a step shown in Fig. 22, a resist mask R221 is formed selectively on 
the doped polysilicon layer 271 within the memory cell array portion. In this case, 
the resist mask R221 is formed along the gate -width direction of the memory cell 

15 array portion. A portion of the doped polysilicon layer 271 which is not covered 
with the resist mask R221 is removed by anisotropic etching. Fig. 23 shows this 
condition. 

Fig. 23 is a plan view viewing Fig. 22 from the upper surface side (i.e., the 
side on which the resist mask R221 is formed). Within the memory cell array 

20 portion, the resist mask R221 is formed as rectangle islands which are arranged 
regularly. The resist mask R221 is formed to cover an active layer AL which has 
a configuration like a rectangle island and an LOCOS layer LL around the same. 
Within the high-voltage resistant portion and the peripheral circuit portion, since 
the resist mask is not formed, the active layer AL is exposed. 

25 Although Fig, 23 partially omits the resist mask R221 so that the active layer 
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AL and the LOCOS layer LL are visible, this is only for the clarity of illustration 
of the structure below the resist mask R221 and merely for the convenience of 
illustration. 

Next, after removing the resist mask R221, at a step shown in Fig, 24, an 

5 insulation film 241, which will become the inter-layer insulation film 24 which 
insulates the floating gate from the control gate, is formed on the doped polysilicon 
layer 271 by a CVD method. The inter-layer insulation film 24 is referred to as 
"ONO film" in some cases. The insulation film 241 is formed on the high-voltage 
resistant portion and the peripheral circuit portion as well. This film has a structure 

10 in which a TEOS (tetraethyl orthosilicate) film, a nitride film (Si3N4) film, a TEOS 
film each having a thickness of 100 A are stacked in this order. 

Next, at a step shown in Fig. 25, a resist mask R222 is formed on the 
insulation film 241 of the memory cell array portion, and the insulation film 241 
in all other regions is removed. In this case, in the other regions, the oxide film 

15 231 is removed as well. Fig. 26 shows this condition. 

Fig. 26 is a plan view viewing Fig. 25 from the upper surface side (i.e., the 
side on which the resist mask R222 is formed). The resist mask R222 is formed 
to entirely cover the memory cell array portion. However, within the high-voltage 
resistant portion and the peripheral circuit portion, since the resist mask R222 is not 

20 formed, the active layer AL is exposed. 

Next, after removing the resist mask R222, at a step shown in Fig. 27, an 
oxide film 251 A which will become the gate oxide film 25 A is formed entirely on 
the main surface of the semiconductor substrate 21 by a thermal oxide method. At 
this stage, since the insulation film 241 on the memory cell array portion includes 

25 the nitride film, the insulation film 241 is not oxidized and the thickness of the 
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insulation film 241 is maintained. The thickness of the oxide film 251 A is about 
80 A. 

Next, at a step shown in Fig. 28, a (non-doped) polysilicon layer 280 is 
formed entirely on a main surface of the semiconductor substrate 21 as a gate 
5 electrode material by a CVD method. The polysilicon layer 280 has a thickness of 
about 2,000 A. 

Next, at a step shown in Fig. 29, impurity ions are implanted into the 
polysilicon layer 280, thereby forming a doped polysilicon layer 281. The doped 
polysilicon layer 28 lis formed by implanting phosphorus ions, for instance, with 

10 the energy of 30 keV and at a dose of 5 X lO^Vcm'^, 

Next, at a step shown in Fig. 30, nitrogen ions are introduced into the doped 
polysilicon layer 281 in accordance with the N-channel MOS transistors T52 and 
T53 of the peripheral circuit portion and the memory cell array portion, each of 
which has a low impurity concentration in the gate electrode, thereby forming a 

15 nitrogen-introduced region N12. At this stage, the nitrogen-introduced region N12 
is formed also in the doped polysilicon layer 421 on the high- voltage resistant 
portion. The nitrogen-introduced region N12 is formed by implanting nitrogen ions 
with the energy of 10 keV and at a dose of 1 x lO^Vcm'^, for instance. 

Next, at a step shown in Fig. 31, a resist mask R225 is formed on the 

20 peripheral circuit portion and the memory cell array portion. Nitrogen ions are 
additionally implanted in a selective fashion into the doped polysilicon layer 281 
of the high-voltage resistant portion, thereby forming a nitrogen-introduced region 
Nil which has a concentration which is in accordance with the N-channel MOS 
transistor T51 of the high- voltage resistant portion. The nitrogen-introduced region 

25 Nil is formed by implanting nitrogen ions with the energy of 10 keV and at a dose 
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of 9X lO^Vcm% for instance. 

Next, after removing the resist mask R225, at a step shown in Fig. 32, a resist 
mask R227 is formed on the doped polysilicon layer 280A and patterned. Fig, 33 
shows this condition. 

Fig. 33 is a plan view viewing Fig. 32 from the upper surface side (i.e., the 
side on which the resist mask R227 is formed). The resist mask R227 is formed 
to be perpendicular to the active layer AL which has a rectangular configuration. 

As a result of patterning, the gate oxide film 25A and gate electrode 29A are 
formed within the high-voltage resistant portion, the gate oxide film 25A and gate 
electrode 29B are formed within the peripheral circuit portion, and the tunnel oxide 
film 23, the floating gate electrode 27, the inter-layer insulation film 24 and the 
control gate electrode 29C are formed within the memory cell array portion. 

Following this, after forming the LDD layers 127 by implanting ions into the 
high-voltage resistant portion and the peripheral circuit portion, the side wall oxide 
film 30 of about 1,000 A in thickness is formed on a side surface of the gate oxide 
film 25A and gate electrode 29A, on a side surface of the gate oxide film 25A and 
gate electrode 29B, and on a side surface of the tunnel oxide film 23, the floating 
gate electrode 27, the inter-layer insulation film 24 and the control gate electrode 
29C. Using the side wall oxide film 30 as a mask, by ion implantation, the 
source/drain layers 126 are formed. In this manner, the structure of the flash 
memory which is shown in Fig. 16 is obtained. 

Now, the LDD layers 127 are obtained by implanting arsenic ions, for 
instance, with the energy of 30 keV and at a dose of 1 X lO^Vcm^. Meanwhile, the 
source/drain layers 126 are obtained by injecting arsenic ions, for instance, with the 
energy of 50 keV and at a dose of 5 x lO^Vcm" and thereafter annealing at 850X 
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for 60 minutes. 

Although this is followed by formation of a capacitor, an inter-layer insulation 
film, a wiring layer and the like to form the flash memory, this will not be 
described nor is shown in the drawings. 

5 <2-3. Characteristic Function And Effect> 

As described above, the flash memory 200 according to the second preferred 
embodiment of the present invention has such a structure in which the impurity 
concentrations of the gate electrodes are changed among the plurality of types of 
transistors having different characteristics from each other (e.g., having different 

10 required specifications from each other) so that the effective thicknesses of the 
respective gate oxide films are changed. Hence, it is not necessary to form the gate 
oxide films which have different breakdown voltages from each other to have 
different thicknesses from each other. 

Further, since it is possible to set the threshold values by changing the 

15 effective thicknesses of the gate oxide films, it is not necessary to change the 
impurity concentrations of the channel dope layers in accordance with the 
characteristics of the transistors, and therefore, it is possible to fix the 
concentrations at such values with which a leak current (i.e., diffusion layer leak) 
from a diffusion layer can be suppressed as small as possible. 

20 Hence, by setting the impurity concentrations of the channel dope layers at 

such values with which a diffusion layer leak is as small as possible while adjusting 
the breakdown voltage characteristics and the threshold values by means of the 
impurity concentrations of the gate electrodes, it is possible to satisfy the 
requirements regarding the breakdown voltages, to break the trade-off relationship 

25 between the threshold values and the diffusion layer leak, and hence, to eliminate 
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a restriction imposed on circuit designing. 

Still further, in the case of forming gate oxide films having different 
thicknesses from each other as well, by changing the effective thicknesses of the 
gate oxide films, it is possible to reduce the types of the gate oxide films. This 

5 makes it possible to simplify the manufacturing steps of manufacturing the gate 
oxide films and to obtain gate oxide films which are excellent in reliability and 
controllability of controlling film thickness. 

That is, in the structure shown in Fig. 16, since the thicknesses of the gate 
oxide films of the transistors of the high- voltage resistant portion and the peripheral 

10 circuit portion are the same with each other, there two types of the gate oxide films. 
Further, with respect to the steps for forming the oxide films, there are only the 
step for forming the oxide film 231 (See Fig. 21) and the step for forming the oxide 
film 251 A (See Fig. 27). Since the oxide films are formed by carrying out thermal 
oxidation once at either steps, unlike in the conventional manufacturing method 

15 described with reference to Figs. 83 to 96, it is not necessary to form one oxide 
film at more than one stages and there is no concern that an impurity may be mixed 
in or the controllability of controlling film thickness may deteriorate. 

Further, although there are a number of crystal defects in the vicinity of the 
interface between the gate electrodes and the gate oxide film, as nitrogen is 

20 introduced into the gate electrodes, nitrogen atoms are combined with dangling 
bonds, one of causes creating crystal defects, so that the crystal defects are 
recovered. Hence, the reliability of the gate oxide film is improved. 

Moreover, since the nitrogen-introduced regions Nlland N12 are formed in 
the vicinity of the interface with the gate oxide film 25A within the gate electrodes 

25 29 A and 29B, and since the nitrogen-introduced region N12 is formed in the 



vicinity of the interface with the inter-layer insulation film 24 within the control 

gate electrode 29C, it is possible to suppress punch-through of the impurity which 

is implanted into the gate electrodes. 

While the foregoing has described the structure in which various types of 
5 transistors are formed on a single crystal substrate as the second preferred 

embodiment of the present invention, it is possible to achieve similar function and 

effect in the case where various types of transistors are formed on an SOI (silicon 

on insulator) substrate. 

<Third Preferred Embodiment> 
10 <3-l. Structure Of Device> 

Fig. 34 shows a partial structure of a DRAM which comprises a logic circuit 

(hereinafter "LOGIC in DRAM") 300, as a third preferred embodiment of the 

present invention. 

A LOGIC in DRAM is a device which executes a high performance and 
15 requires only a low cost, since a logic circuit is formed within the same chip so that 
the DRAM and the logic circuit, which have been heretofore formed as separate 
chips, are combined with each other. 

In general, a LOGIC in DRAM is roughly divided into a logic portion and a 
DRAM portion, A requirement to the logic portion is an operation at a high speed, 
20 that is, a high driving capability and a low capacity. Meanwhile, as described 
earlier in relation to the first preferred embodiment, the DRAM portion includes a 
memory cell array portion in which a low leak current is demanded, a sense 
amplifier portion in which an operation at a low voltage is demanded, etc. That is, 
a plurality of types of transistors which have different characteristics from each 
25 other are needed within a LOGIC in DRAM which is formed as one chip. 
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Fig. 34 shows cross sections of N-channel MOS transistors T61 to T63 which 
are used for the logic portion, the sense amplifier portion and the memory cell array 
portion. 

In Fig. 34, the N-channel MOS transistors T61 to T63 are formed within a 

5 P-type well layer 151 which is formed on the same semiconductor substrate 51 (of 
the P-type). The well layer 151 is element-separated by a channel cut layer 152, 
which is formed within the well layer 151, and a LOCOS layer 52 in such a 
manner that the N-channel MOS transistors T61 to T63 are formed in regions 
which are created by element separation. 

10 The N-channel MOS transistor T61 of the logic portion comprises a pair of 

source/drain layers 156 formed within the well layer 151 independently of each 
other but parallel to each other and a pair of LDD layers 157 formed adjacent to 
edge portions facing each other of the source/drain layers 156. 

A gate oxide film 53 is formed on the LDD layers 157, and a gate electrode 

15 55A is formed on the gate oxide film 53. A side wall oxide film 56 is formed on 
a side surface of the gate oxide film 53 and the gate electrode 55A. Within the 
well layer 151 under the gate electrode 55 A, a channel dope layer 155 A is formed. 

The N-channel MOS transistor T62 of the sense amplifier portion comprises 
a pair of source/drain layers 156 formed within the well layer 151 independently 

20 of each other but parallel to each other and a pair of LDD layers 157. 

The gate oxide film 53 is formed on the LDD layers 157, and a gate electrode 
55A is formed on the gate oxide film 53. The side wall oxide film 56 is formed 
on a side surface of the gate oxide film 53 and the gate electrode 55A, Within the 
well layer 151 under the gate electrode 55 A, a channel dope layer 154 is formed, 

25 A nitrogen-introduced region N21 is formed in the vicinity of the interface 
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with the gate oxide film 53 within the gate electrode 55A. 

The N-channel MOS transistor T63 of the memory cell array portion 
comprises a pair of source/drain layers 156 formed within the well layer 151 
independently of each other but parallel to each other and a pair of LDD layers 
5 157. 

The gate oxide film 53 is formed on the source/drain layers 156 and the LDD 
layers 157, and the gate electrode 55B is formed on the gate oxide film 53. The 
side wall oxide film 56 is formed on a side surface of the gate oxide film 53 and 
the gate electrode 55 B. 

10 A nitrogen-introduced region N22 is formed in the vicinity of the interface 

with the gate oxide film 53 within the gate electrode 55B. 

Within the well layer 151 under the gate electrode 55B, a channel dope layer 
155A is formed. The memory cell array portion has a gate array structure in which 
adjacent gates share one source/drain layer 156. Such structures are arranged 

15 successively. 

Table 7 shows figures regarding the structures of the N-channel MOS 
transistors T61 to T63. 
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In Table 7, impurity doses for forming the channel dope layers of the 
N-channel MOS transistors T61, T62 and T63 are equally 5 X 10^^/cml Boron (B) 
is implanted as an impurity for either layers with the implantation energy of lOkeV. 
Nitrogen doses are lxlO^Vcm% IXlO^Vcm^ and 5XlO^Vcm% respectively. 
5 The implantation energy is equally lOkeV. 

Figs. 35 and 36 show impurity profiles of the N-channel MOS transistors 
T61, T62 and T63 of the logic portion, the sense amplifier portion and the memory 
cell array portion, all of which shown in Fig. 34, taken at cross sectional portions 
along A-A' line, B-B' line and C-C line, respectively. 
10 In Figs, 35 and 36, a position (i.e., depth) in a cross sectional direction is 

shown along a horizontal axis, and a nitrogen concentration and an impurity 
concentration are shown along a vertical axis. There are the gate electrode 
(polysilicon layer), the gate oxide film (Si02 layer) and the well layer (bulk silicon 
layer) in this order along the horizontal axis from the left-hand side. 
15 As shown in Table 7, the nitrogen concentrations are different from each other 

in the gate electrodes 55A and 55B of the transistors T61 to T63, and therefore, the 
nitrogen concentrations are accordingly different from each other. Thus, in the 
transistor of the memory cell array portion which is expected to have the highest 
threshold value, the nitrogen concentration in the nitrogen-introduced region is the 
20 highest. That is, as shown in Fig. 35, the concentration is the highest in the 
transistor T63 of the memory cell array portion as indicated by C-C line, and the 
concentrations in the transistor T61 of the logic portion (A- A' line) and the 
transistor T62 of the sense amplifier portion (B-B' line) are the same and lower 
than that of the transistor T63. 
25 Further, nitrogen is present in each gate oxide film, and a relationship 



94 

regarding the concentrations is maintained. The profile is such that nitrogen does 
not almost exist in a portion in the well layer other than in the vicinity of the 
interface with the gate oxide film. 

Moreover, as indicated by A- A' line and B-B' line in Fig. 36, the impurity 
concentrations within the gate electrodes are the same between the transistors T61 
and T62, and therefore, the A-A' line and the B-B' line are one atop the other. 
The A-A' line and the B-B' line are relatively flat. The transistor T63 of the 
memory cell array portion has the profile indicated by C-C line which changes 
abruptly. 

Since the impurity doses for the channel dope layers 155A of the N-channel 
MOS transistors T61 and T63 are the same, the A-A line and the C-C line are 
one atop the other. 

Diffusion and activation of an impurity is suppressed more in a gate electrode 
in which a larger amount of nitrogen is introduced, so that the impurity 
concentration becomes lower. Hence, in the memory cell array portion in which 
the impurity concentration is the lowest, the depletion layer is the largest at the gate 
electrode, the effective thickness of the oxide film is the thickest, and the threshold 
value is high. 

Fig, 37 shows the actual thicknesses and the effective thicknesses of the 
respective gate oxide films. In Fig. 37, the N-channel MOS transistors of the logic 
portion, the sense amplifier portion and the memory cell array portion are shown 
in this order along the horizontal axis from the left-hand side. As shown in Fig. 
37, although the actual thicknesses of the transistors are the same with each other, 
among the effective thicknesses of the transistors, the effective thickness is 
particularly thick in the memory cell array portion. 
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<3-2. Manufacturing Method> 

In the following, a description will be given on a method of manufacturing the 
N-channel MOS transistors T61, T62 and T63 of the logic portion, and of the sense 
amplifier portion and the memory cell array portion of the flash memory portion, 

5 which are shown in Fig. 34, with reference to Figs, 38 to 44. 

First, at a step shown in Fig. 38, a LOCOS layer (i.e., field oxide film) 52 is 
formed into a thickness of 4,000 A, for instance, by a LOCOS method, on a surface 
of the semiconductor substrate 51 of the P-type, Following this, boron ions, for 
instance, are implanted with the energy of 700 keV and at a dose of 1 X KV^/cmr, 

10 thereby forming a F-type well region 151 within the semiconductor substrate 51. 
Although an N-type well region as well is formed in the semiconductor substrate 
51 in order to form P-channel MOS transistors, this is not shown and a description 
will be omitted. Next, boron ions, for example, are implanted with the energy of 
130 keV and at a dose of 5 X lO^^cm^ thereby forming the channel cut layer 152 

15 within the semiconductor substrate 51. The channel cut layer 152 is formed in such 
a shape which together with the LOCOS layer 52 creates the element-separated 
regions. 

Next, the channel dope layer 150 which has the lowest impurity concentration 
is formed within the well region 151 of the transistor T62 of the sense amplifier 
20 portion. At this stage, the channel dope layer 150 is also formed in the transistors 
T61 and T63 of the logic portion and the memory cell array portion. The channel 
dope layer 150 is formed by implanting boron ions, for instance, with the energy 
of 50 keV and at a dose of 1 X lO^Vcm". 

Next, at a step shown in Fig. 39, a resist mask R251 is formed on the sense 
25 amplifier portion. An impurity is additionally implanted in a selective fashion into 
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the channel dope layer 150 of the logic portion and the memory cell array portion, 
thereby forming the channel dope layer 150A which has an impurity concentrations 
in accordance with the transistor T63 of the memory cell array portion. The 
channel dope layer 150A is formed by implanting boron ions, for instance, with the 
energy of 50 keV and at a dose of 4X iQ^^/cm^. 

Next, at a step shown in Fig. 40, after forming an oxide film 531 which will 
become the gate oxide film 53 on the main surface of the semiconductor substrate 
51 by a thermal oxide method, a (non-doped) poly silicon layer 550 is formed on 
the oxide film 531 as a gate electrode material by a CVD method. The oxide film 
531 has a thickness of about 60 A, whereas the poly silicon layer 550 has a 
thickness of about 2,000 A. 

Next, at a step shown in Fig. 41, impurity ions are implanted into the 
poly silicon layer 550, thereby forming a doped poly silicon layer 551. The doped 
poly silicon layer 551 is formed by implanting phosphorus ions, for instance, with 
the energy of 30 keV and at a dose of 5 X lO^Vcml 

Next, at a step shown in Fig. 42, nitrogen ions are introduced into the doped 
polysilicon layer 551 in accordance with the N-channel MOS transistors T61 and 
T62 of the logic portion and the sense amplifier portion, each of which has a low 
impurity concentration in the gate electrode, thereby forming a nitrogen-introduced 
region N21. At this stage, the nitrogen-introduced region N21 is formed also in 
the doped polysilicon layer 551 on the memory cell array portion. The nitrogen- 
introduced region N21 is formed by implanting nitrogen ions with the energy of 10 
keV and at a dose of 1 X lO^Vcm*^, for instance. 

Next, at a step shown in Fig. 43, a resist mask R252 is formed on the logic 
portion and the sense amplifier portion. Nitrogen ions are additionally implanted 
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in a selective fashion into the doped poly silicon layer 551 of the memory cell array 
portion, thereby forming a nitrogen-introduced region N22 which has a 
concentration which is in accordance with the N-channel MOS transistor T63 of 
the memory cell array portion. The nitrogen-introduced region N22 is formed by 
implanting nitrogen ions with the energy of 10 keV and at a dose of 4X lO^Vcm% 
for instance. 

Next, at a step shown in Fig. 44, after removing the resist mask R252, a resist 
mask R253 is formed on the doped poly silicon layer 551 and pattered. 

Following this, after forming the LDD layers 157 by implanting ions into the 
logic portion, the sense amplifier portion and the memory cell array portion, the 
side wall oxide film 56 of about 1,000 A in thickness is formed on a side surface 
of the gate oxide film 53 and gate electrodes 55A, 55B. Using the side wall oxide 
film 56 as a mask, by ion implantation, the source/drain layers 156 are formed. In 
this manner, the structure of the LOGIC in DRAM 300 which is shown in Fig. 34 
is obtained. 

Now, the LDD layers 157 are obtained by implanting arsenic (As) ions, for 
instance, with the energy of 30 keV and at a dose of 1 X lO^Vcm". Meanwhile, the 
source/drain layers 156 are obtained by injecting arsenic ions, for instance, with the 
energy of 50 keV and at a dose of 5 X lO^Vcm' and thereafter annealing at 850 V 
for 30 minutes. 

Although this is followed by formation of a capacitor, an inter-layer insulation 
film, a wiring layer and the like to form the LOGIC in DRAM, this will not be 
described nor is shown in the drawings, 

<3-3. Characteristic Function And Effect> 

As described above, the LOGIC in DRAM 300 according to the third 
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preferred embodiment of the present invention has such a structure in which the 
impurity concentrations of the gate electrodes and the nitrogen concentrations of the 
channel dope layers are changed among the plurality of types of transistors having 
different characteristics from each other (e.g., having different required 

5 specifications from each other) so that the effective thicknesses of the respective 
gate oxide films are changed and the threshold values are set. 

That is, as shown in Fig. 35, in the memory cell array portion where the 
nitrogen concentration in the gate electrode is high, diffusion and activation of the 
impurity is suppressed, a depletion layer is created in a large area within the gate 

10 electrode, so that the oxide film thickness becomes effectively thick and the 
threshold value is high. 

Further, as shown in Fig. 36, in the sense amplifier portion, by ensuring a 
lower impurity concentration in the channel dope layer, it is possible to suppress 
a leak current (i.e., diffusion layer leak) from a diffusion layer as small as possible. 

15 Thus, by setting the impurity concentrations of the channel dope layers at such 

values with which a diffusion layer leak is as small as possible while setting the 
threshold values by means of the nitrogen concentrations of the gate electrodes, it 
is possible to break the trade-off relationship between the threshold values and the 
diffusion layer leak and hence to eliminate a restriction imposed on circuit 

20 designing. 

Further, although there are a number of crystal defects in the vicinity of the 
interface between the gate electrodes and the gate oxide film, as nitrogen is 
introduced into the gate electrodes, nitrogen atoms are combined with dangling 
bonds, one of causes creating crystal defects, so that the crystal defects are 
25 recovered. Hence, the reliability of the gate oxide film is improved. 
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Moreover, since the nitrogen-introduced regions N21and N22 are formed in 
the vicinity of the interface with the gate oxide film 53 within the gate electrodes 
55A and 55B, it is possible to suppress punch-through of the impurity which is 
implanted into the gate electrodes. 

5 While the foregoing has described the structure in which various types of 

transistors are formed on a single crystal substrate as the third preferred 
embodiment of the present invention, it is possible to achieve similar function and 
effect in the case where various types of transistors are formed on an SOI (silicon 
on insulator) substrate. 

10 <Fourth Preferred Embodiment> 

<4-l. Structure Of Device> 

Fig. 45 shows a partial structure of a flash memory which comprises a logic 
circuit (hereinafter "LOGIC in FLASH") 400, as a fourth preferred embodiment of 
the present invention. 

15 In general, a LOGIC in FLASH is roughly divided into a logic portion and a 

flash memory portion, A requirement to the logic portion is an operation at a high 

speed, that is, a high driving capability and a low capacity. 

Meanwhile, the flash memory portion includes a high-voltage resistant portion 

in which a high voltage is applied, a cell array portion in which a tunnel oxide film 
20 needs to be highly reliable, and the like. That is, a plurality of types of transistors 

which have different characteristics from each other are needed within a LOGIC in 

FLASH which is formed as one chip. 

Fig. 45 shows cross sections of N-channel MOS transistors T71 to T73 which 

are used for she logic portion, the high-voltage resistant portion and the memory 
25 cell array portion. 
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In Fig. 45, the N-channel MOS transistors T71 to T73 are formed within a 
P-type well layer 171 which is formed on the same semiconductor substrate 71 (of 
the P-type). The well layer 171 is element-separated by a channel cut layer 171 
which is formed within the well layer 171 and a LOCOS layer 72 in such a manner 
5 that the N-channel MOS transistors T71 to T73 are formed in regions which are 
created by element separation. 

The N-channel MOS transistor T71 of the logic portion comprises a pair of 
source/drain layers 176 formed within the well layer 171 independently of each 
other but parallel to each other and a pair of LDD layers 177 formed adjacent to 
10 edge portions facing each other of the source/drain layers 176. 

A gate oxide film 76 is formed on the LDD layers 177, and a gate electrode 
79A is formed on the gate oxide film 76. A side wall oxide film 80 is formed on 
a side surface of the gate oxide film 76 and the gate electrode 79A. Within the 
well layer 171 under the gate electrode 79A, a channel dope layer 173 is formed. 
15 A nitrogen-introduced region N31 is formed in the vicinity of the interface 

with the gate oxide film 53 within the gate electrode 79A. 

The N-channel MOS transistor T72 of the high-voltage resistant portion of 
the flash memory portion comprises a pair of source/drain layers 176 formed within 
the well layer 171 independently of each other but parallel to each other and a pair 
20 of LDD layers 177. 

A gate oxide film 76 is formed on the LDD layers 177, and a gate electrode 
79B is formed on the gate oxide film 76. The side wall oxide film 80 is formed 
on a side surface of the gate oxide film 76 and the gate electrode 79B. Within the 
well layer 171 under the gate electrode 79B, a channel dope layer 173 is formed. 
25 A nitrogen-introduced region N32 is formed in the vicinity of the interface 
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with the gate oxide film 53 within the gate electrode 79B. 

The N-channel MOS transistor T73 of the memory cell array portion of the 

flash memory portion comprises a pair of source/drain layers 176 formed within the 

well layer 171 independently of each other but parallel to each other. A tunnel 
5 oxide film 73 is formed on edge portions of the source/drain layers 176. A floating 

gate electrode 77, an inter-layer insulation film 74 and a control gate electrode 79C 

are formed in this order on the tunnel oxide film 73. Since the control gate 

electrode 79C has the same structure as gate electrodes, control gate electrode 79C 

will be treated as a gate electrode in the following. 
10 In the control gate electrode 79C, the nitrogen-introduced region N31 is 

formed in the vicinity of the interface with the inter-layer insulation film 74. 

The side wall oxide film 80 is formed on a side surface of the tunnel oxide 

film 73, the floating gate electrode 77, the inter-layer insulation film 74 and the 

control gate electrode 79C. 
15 Within the well layer 171 under the floating electrode 77, a channel dope layer 

173 is formed. The memory cell array portion has a gate array structure in which 

adjacent gates share one source/drain layer 176, Such structures are arranged 

successively. 

Table 8 shows figures regarding the structures of the N-channel MOS 
20 transistors T71 to T73. 
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In Table 8, the thicknesses of the gate oxide films of the N-channel MOS 
transistors T71, T72 and T73 are 50 A, 50 A and 100 A, respectively. 

Moreover, impurity doses for forming the channel dope layers of the N- 
channel MOS transistors T71 to T73 are equally 5XlO^Vcm^ Boron (B) is 
5 implanted as an impurity for either layers with the implantation energy of 50KeV. 

Further, impurity doses for forming the gate electrodes of the N-channel MOS 
transistors T71 to T73 are equally 5 X lO^Vcml Phosphorus (P) is implanted as an 
impurity for either layers with the implantation energy of equally 30KeV. 

Still further, nitrogen doses are 1 X iQ^Vcm', IXlO^^cm' and ixio^^^cm', 
10 respectively. The implantation energy is equally lOkeV. 

Figs. 46 and 47 show nitrogen profiles and impurity profiles of the N-channel 
MOS transistors T71, T72 and T73 forming the logic portion, the high-voltage 
resistant portion and the memory cell array portion, all of which shown in Fig. 45, 
taken at cross sectional portions along A-A' line, B-B' line and C~C line, 
15 respectively. 

In Figs. 46 and 47, a position (i.e., depth) in a cross sectional direction is 
shown along a horizontal axis, and a nitrogen concentration and an impurity 
concentration are shown along a vertical axis. The order in which the structure of 
the N-channel MOS transistor T73 of the memory cell array portion is fabricated 
20 is illustrated in upper portions of Figs. 46 and 47. The upper portions of Figs. 46 
and 47 show the control gate electrode (polysilicon layer), the inter-layer insulation 
film (ONO film), the floating gate electrode (polysilicon layer), the tunnel oxide 
film (Si02 layer) and the well layer (bulk silicon layer) in this order from the 
left-hand side, 

25 Further, Figs. 46 and 47 show the gate electrode (polysilicon layer), the gate 
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oxide film (Si02 layer) and the well layer (bulk silicon layer) in this order along 
the horizontal axis. 

As shown in Table 8, the nitrogen dose is the highest for the gate electrode 
79B of the N-channel MOS transistor T72 of the high-voltage resistant portion 
5 which is expected to have the highest threshold value, while the nitrogen doses are 
the same for the gate electrode 29A of the N-channel MOS transistor T71 of the 
logic portion and the control gate electrode 79C of the N-channel MOS transistor 
T73 of the memory cell array portion. 

As a result, as indicated at the B-B' line in Fig. 46, the transistor T72 of the 
10 high-voltage resistant portion has the highest nitrogen concentration, and the 
nitrogen concentrations of the transistor T71 of the logic portion (A-A' line) and 
the transistor T73 of the memory cell array portion (C-C line) are the same and 
lower than that of the transistor T71. 

Further, nitrogen is present in the gate oxide film and the inter-layer 
15 insulation film, and a relationship regarding the concentrations is maintained. The 
profile is such that nitrogen does not almost exist in a portion in the well layer 
other than in the vicinity of the interface with the gate oxide film. 

Moreover, as shown in Fig. 47, with respective to the impurity profiles of the 
gate electrodes, the transistor T72 of the high-voltage resistant portion has the 
20 profile which changes most abruptly as indicated at the B-B' line, and the transistor 
T71 of the logic portion and the transistor T73 of the memory cell array portion 
have profiles which change moderately as indicated at the A-A' line and the C-C 
line, respectively. This is because diffusion and activation of an impurity is 
suppressed more in a gate electrode in which a larger amount of nitrogen is 
25 introduced. 
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Hence, in the transistor T72 of the high-voltage resistant portion, the depletion 
layer is the largest so that the effective thickness of the oxide film is the thickest 
and the high-voltage resistant portion can withstand a high voltage. 

Fig. 48 shows actual thicknesses and effective thicknesses of the respective 
5 gate oxide films. Fig. 48 shows the N-channel MOS transistors of the logic 
portion, the high-voltage resistant portion and the memory cell array portion in this 
order from the left-hand side along the horizontal axis. In the memory cell array 
portion, the tunnel gate oxide film is treated as a gate oxide film. As clearly shown 
in Fig. 48, among the effective thicknesses of the respective gate oxide films, the 
10 effective thickness is particularly thick in the high- voltage resistant portion. 

Further, as shown in Fig. 47, in any one of the transistors of the logic portion 
(A-A' line), the high-voltage resistant portion (B-B' line) and the memory cell 
array portion (C-C line), the impurity concentration of the channel dope layer stays 
the same. 

15 Since the floating gate electrode of the N-channel MOS transistor T73 of the 

memory cell array portion is formed by a CVD method, the impurity concentration 
remains constant. 

<4-2. Manufacturing Method> 

In the following, a description will be given on a method of manufacturing the 
20 N-channel MOS transistors T71, T72 and T73 of the logic portion, and of the 
high-voltage resistant portion and the memory cell array portion of the flash 
memory portion, all of which shown in Fig. 45, with reference to Figs. 49 to 62. 

First, at a step shown in Fig. 49, a LOCOS layer (i.e., field oxide film) 72 is 
formed into a thickness of 4,000 A, for instance, by a LOCOS method on a surface 
25 of the semiconductor substrate 71 of the P-type. Following this, boron ions, for 
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instance, are implanted with the energy of 700 keV and at a dose of 1 X IQ^Vcm^ 
thereby forming a P-type well region 171 within the semiconductor substrate 7L 
Although an N-type well region as well is formed in the semiconductor substrate 
71 in order to form P-channel MOS transistors, this is not shown and a description 
5 will be omitted. Next, boron ions, for example, are implanted with the energy of 
130 keV and at a dose of 5 X 10^^/cm% thereby forming the channel cut layer 172 
within the semiconductor substrate 71. The channel cut layer 172 is formed in such 
a shape which together with the LOCOS layer 72 creates the element-separated 
regions. 

10 Next, at a predetermined position in the high-voltage resistant portion, the 

peripheral circuit portion and the memory cell array portion within the well region 
171, a channel dope layer 170. The channel dope layer 170 is formed by 
implanting boron ions, for instance, with the energy of 50 keV and at a dose of 
5 X lO^^/cm^ 

15 Next, at a step shown in Fig, 50, after forming an oxide film 731 which will 

become the tunnel oxide film 73 on a main surface of the semiconductor substrate 
71 by a thermal oxide method, a doped polysilicon layer 771, for instance, is 
formed as a gate electrode material on the oxide film 731 by a CVD method. The 
oxide film 731 has a thickness of about 100 A, whereas the doped polysilicon layer 

20 771 has a thickness of about 1,000 A. Phosphorus (P) is used as an impurity. The 
concentration of the impurity is about 1 X 10^7cm^ 

Next, at a step shown in Fig. 51, a resist mask R271 is formed selectively on 
the doped polysilicon layer 771 within the memory cell array portion. In this case, 
the resist mask R271 is formed along the gate-width direction of the memory cell 

25 array portion. A portion of the doped polysilicon layer 771 which is not covered 
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with the resist mask R271 is removed by anisotropic etching. Fig, 52 shows this 
condition. 

Fig. 52 is a plan view viewing Fig. 51 from the upper surface side (i.e., the 
side on which the resist mask R271 is formed). Within the memory cell array 

5 portion, the resist mask R271 is formed as rectangle islands which are arranged 
regularly. The resist mask R271 is formed to cover an active layer AL which has 
a configuration like a rectangle island and an LOCOS layer LL around the same. 
Within the high-voltage resistant portion and the logic portion, since the resist 
mask is not formed, the active layer AL is exposed. 

10 Although Fig. 52 partially omits the resist mask R271 so that the active layer 

AL and the LOCOS layer LL are visible, this is only for the clarity of illustration 
of the structure below the resist mask R271 and merely for the convenience of 
illustration. 

Next, after removing the resist mask R271, at a step shown in Fig. 53, an 
15 insulation film 741, which will become the inter-layer insulation film 74 which 
insulates the floating gate from the control gate, is formed on the doped polysilicon 
layer 771 by a CVD method. This film has a structure in which a TEOS (tetraethyl 
orthosilicate) film, a nitride film (Si3N4) film, a TEOS film each having a thickness 
of 100 A are stacked in this order. The insulation film 741 is formed on the 
20 high-voltage resistant portion and the logic portion as well. 

Next, at a step shown in Fig. 54, a resist mask R272 is formed on the 
insulation film 741 of the memory cell array portion, and the insulation film 741 
in all other regions is removed. In this case, in the other regions, the oxide film 
731 is removed as well. Fig. 55 shows this condition. 
25 Fig. 55 is a plan view viewing Fig. 54 from the upper surface side (i.e., the 
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side on which the resist mask R272 is formed). The resist mask R272 is formed 
to entirely cover the memory cell array portion. However, within the high-voltage 
resistant portion and the logic portion, since the resist mask R272 is not formed, the 
active layer AL is exposed. 

5 Next, after removing the resist mask R272, at a step shown in Fig. 56, an 

oxide film 761 which will become the gate oxide film 76 is formed entirely on the 
main surface of the semiconductor substrate 71 by a thermal oxide method. At this 
stage, since the insulation film 741 on the memory cell array portion includes the 
nitride film, the insulation film 741 is not oxidized and the thickness of the 

10 insulation film 741 is maintained. The thickness of the oxide film 761 is about 50 

A. 

Next, at a step shown in Fig. 57, a (non-doped) polysilicon layer 790 is 
formed entirely on a main surface of the semiconductor substrate 71 as a gate 
electrode material by a CVD method. The polysilicon layer 790 has a thickness of 

15 about 2,000 A. 

Next, at a step shown in Fig. 58, impurity ions are implanted into the 
polysilicon layer 790, thereby forming a doped polysilicon layer 791. At this stage, 
the doped polysilicon layer 791 is formed by implanting phosphorus ions, for 
instance, with the energy of 30 keV and at a dose of 5 X lO^Vcm"^. 

20 Next, at a step shown in Fig. 59, nitrogen ions are introduced into the doped 

polysilicon layer 791 in accordance with the N-channel MOS transistors T71 and 
T73 of the logic portion and the memory cell array portion, each of which has a 
low impurity concentration in the gate electrode, thereby forming a nitrogen- 
introduced region N3L At this stage, the nitrogen-introduced region N31 is 

25 formed also in the doped polysilicon layer 791 on the high-voltage resistant 



portion. The nitrogen-introduced region N31 is formed by implanting nitrogen ions 
with the energy of 10 keV and at a dose of 1 X 10^Vcm% for instance. 

Next, at a step shown in Fig. 60, a resist mask R275 is formed on the logic 
portion and the memory cell array portion. Nitrogen ions are additionally implanted 

5 in a selective fashion into the doped polysilicon layer 791 of the high-voltage 
resistant portion, thereby forming a nitrogen-introduced region N32 which has a 
concentration which is in accordance with the N-channel MOS transistor T72 of 
the high-voltage resistant portion. The nitrogen-introduced region N32 is formed 
by implanting nitrogen ions with the energy of 10 keV and at a dose of 9X10^V 

10 cm^ for instance. 

Next, after removing the resist mask R275, at a step shown in Fig. 61, a resist 
mask R276 is formed on the doped polysilicon layer 791 and patterned. Fig. 62 
shows this condition. 

Fig. 62 is a plan view viewing Fig, 61 from the upper surface side (i.e., the 

15 side on which the resist mask R276 is formed). The resist mask R276 is formed 
to be perpendicular to the active layer AL which has a rectangular configuration. 
As a result of patterning, the gate oxide film 76 and gate electrode 79A are 
formed within the logic portion, the gate oxide film 76 and gate electrode 79B are 
formed within the high-voltage resistant portion, and the tunnel oxide film 73, the 

20 floating gate electrode 77, the inter-layer insulation film 74 and the control gate 
electrode 79C are formed within the memory cell array portion. 

Following this, after forming the LDD layers 177 by implanting ions into the 
logic portion and the high- voltage resistant portion, the side wall oxide film 80 of 
about 1,000 A in thickness is formed on a side surface of the gate oxide film 76 and 

25 gate electrode 79A, on a side surface of the gate oxide film 76 and gate electrode 
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79B, and on a side surface of the tunnel oxide film 73, the floating gate electrode 
77, the inter-layer insulation film 74 and the control gate electrode 79C. Using the 
side wall oxide film 80 as a mask, by ion implantation, the source/drain layers 176 
are formed. In this manner, the structure of the flash memory which is shown in 
5 Fig. 45 is obtained. 

Now, the LDD layers 177 are obtained by implanting arsenic ions, for 
instance, with the energy of 30 keV and at a dose of 1 X lO^Vcm^. Meanwhile, the 
source/drain layers 176 are obtained by injecting arsenic ions, for instance, with the 
energy of 50 keV and at a dose of 5 X lO^Vcm^ and thereafter annealing at 850 ""C 

10 for 30 minutes. 

Although this is followed by formation of a capacitor, an inter-layer insulation 
film, a wiring layer and the like to form the LOGIC in FLASH, this will not be 
described nor is shown in the drawings. 

<4-3. Characteristic Function And Effect> 

15 As described above, the LOGIC in FLASH 400 according to the fourth 

preferred embodiment of the present invention has such a structure in which the 
nitrogen concentrations of the gate electrodes are changed among the plurality of 
types of transistors having different characteristics from each other (e.g., having 
different required specifications from each other) so that the effective thicknesses 

20 of the respective gate oxide films are changed and hence the threshold values are 
set. 

That is, as shown in Fig. 46, in the high-voltage resistant portion where the 
nitrogen concentration in the gate electrode is the highest, diffusion and activation 
of the impurity is suppressed, a depletion layer is created in a large area within the 
25 gate electrode, so that the oxide film thickness becomes effectively thick and the 
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threshold value is high. 

Further, since it is possible to set the threshold values by changing the 
effective thicknesses of the gate oxide films, it is not necessary to change the 
impurity concentrations of the chaimel dope layers in accordance with the 

5 characteristics of the transistors, and therefore, it is possible to fix the 
concentrations at such values with which a leak current (i.e., diffusion layer leak) 
from a diffusion layer can be suppressed as small as possible. 

Hence, by setting the impurity concentrations of the channel dope layers at 
such values with which a diffusion layer leak is as small as possible while adjusting 

10 the breakdown voltage characteristics and the threshold values by means of the 
nitrogen concentrations of the gate electrodes, it is possible to satisfy the 
requirements regarding the breakdown voltages, to break the trade-off relationship 
between the threshold values and the diffusion layer leak, and hence, to eliminate 
a restriction imposed on circuit designing. 

15 Still further, in the case of forming gate oxide films having different 

thicknesses from each other as well, by changing the effective thicknesses of the 
gate oxide films, it is possible to reduce the types of the gate oxide films. This 
makes it possible to simplify the manufacturing steps of manufacturing the gate 
oxide films and to obtain gate oxide films which are excellent in reliability and 

20 controllability of controlling film thickness. 

That is, in the structure shown in Fig. 45, since the thicknesses of the gate 
oxide films of the transistors of the logic portion and the high-voltage resistant 
portion are the same with each other, there two types of the gate oxide films. 
Further, with respect to the steps for forming the oxide films, there are only the 

25 step for forming the oxide film 731 (See Fig. 50) and the step for forming the oxide 
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film 761 (See Fig. 56). Since the oxide films are formed by carrying out thermal 
oxidation once at either steps, unlike in the conventional manufacturing method 
described with reference to Figs. 114 to 127, it is not necessary to form one oxide 
film at more than one stages and there is no concern that an impurity may be mixed 

5 in or the controllability of controlling film thickness may deteriorate. 

Further, although there are a number of crystal defects in the vicinity of the 
interface between the gate electrodes and the gate oxide film, as nitrogen is 
introduced into the gate electrodes, nitrogen atoms are combined with dangling 
bonds, one of causes creating crystal defects, so that the crystal defects are 

10 recovered. Hence, the reliability of the gate oxide film is improved. 

Moreover, since the nitrogen-introduced regions N31and N32 are formed in 
the vicinity of the interface with the gate oxide film 76 within the gate electrodes 
79A and 79B, and since the nitrogen-introduced region N32 is formed in the 
vicinity of the interface with the inter-layer insulation film 24 within the control 

15 gate electrode 79C, it is possible to suppress punch-through of the impurity which 
is implanted into the gate electrodes. 

While the foregoing has described the structure in which various types of 
transistors are formed on a single crystal substrate as the fourth preferred 
embodiment of the present invention, it is possible to achieve similar function and 

20 effect in the case where various types of transistors are formed on an SOI (silicon 
on insulator) substrate. 

<Examples of Other Applications Of The Invention> 

While the foregoing has described the first to the fourth preferred 
embodiments of the present invention in relation to examples of a DRAM, a flash 
25 memory, a LOGIC in DRAM, and a LOGIC in FLASH, applications of the 
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technical idea of the present invention are not limited to these semiconductor 
devices. In short, since it is possible to change the effective thicknesses of the gate 
oxide films to optionally set the threshold values by adjusting the nitrogen 
concentrations of the impurity layers within the control electrodes and therefore by 

5 optionally setting the thicknesses of the depletion layers within the control 
electrodes, when the present invention is applied to a case where the thicknesses 
of the gate oxide films are common but the effective thicknesses of the gate oxide 
films need to be changed in the transistors in the respective portions which are 
formed on the single common substrate or to a case where the concentrations in the 

10 channel dope layers need to be the same with each other but the thicknesses of the 
gate oxide films may be different from each other, it is possible to achieve a 
desired effect. 

Further, although the first to the fourth preferred embodiments are related to 
an example in which transistors having different characteristics from each other are 

15 used in the three portions which are formed on the single common substrate, this 
does not means that only one type of transistors can be used in each one of the 
three portions. For instance, in the case of a LOGIC in DRAM, two or more types 
of transistors may be used in the logic portion and two or more types of transistors 
may be used in the sense amplifier portion as well. Alternatively, it is allowable 

20 to use two types of transistors in the logic portion while using one type of 
transistors in the memory cell array portion. 

In addition, the present invention is effective even to a semiconductor device 
in which device structures cannot be clearly distinguished from each other, such as 
a logic portion, a high-voltage resistant portion, a sense amplifier portion and a 

25 memory cell array portion, if a structure of the semiconductor device requires a 
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plurality of types of transistors which have different characteristics from each other. 

Further, the types of transistors do not have to be three types. The structure 
may use transistors of three or more types of characteristics, or transistors of two 
types of characteristics, 
5 In such various structures as well, by adjusting the nitrogen concentrations of 

the impurity layers within the control electrodes and by appropriately selecting the 
thicknesses of the gate oxide films and the concentrations in the channel dope 
layers, it is possible to achieve a desired effect. 

Still further, even in the case of a semiconductor device which includes only 
10 one type of transistors, the present invention is effective to a case where threshold 
values are to be set optionally by changing the effective thicknesses of the gate 
oxide films. 

<Fifth Preferred Embodiment> 

While the foregoing has described the first to the fourth preferred 
15 embodiments of the present invention in relation to examples where in the sense 
amplifier portion, the peripheral circuit portion, the memory cell array portion and 
the high-voltage resistant portion of a DRAM, a flash memory, a LOGIC in 
DRAM, and a LOGIC in FLASH, nitrogen is introduced into the gate electrodes 
of the MOS transistors which form those portions, use of the depletion layers which 
20 are created as a result of introduction of nitrogen into the gate electrodes is not 
limited in the portions described above. 

In other words, the present invention is effective to a semiconductor device 
in which a plurality of types of transistors need to be formed within one chip. In 
the following, a fifth preferred embodiment of the present invention will be 
25 described. 
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Fig. 63 shows a regular a stepdown circuit. The stepdown circuit is a circuit 
for stepping down a 5V-signal to 3.3V and outputting a resultant signal, and 
comprises a PMOS transistor Ql and an NMOS transistor Q2 which are connected 
in series between a power source potential Vcc and a ground potential GND, diodes 

5 Dl and D2 which are connected in series between the power source potential Vcc 
and the ground potential GND, and an input pad ND which is connected to a 
connection point NDl between the diodes Dl and D2. A cathode of the diode Dl 
is connected to the power source potential Vcc, an anode of the diode Dl is 
connected to a cathode of the diode D2, and an anode of the diode D2 is connected 

10 to the ground potential GND. The connection point NDl is connected to a 
connection point ND2 which is connected in common to gate electrodes of the 
PMOS transistor Ql and the NMOS transistor Q2, while an connection point ND3 
between the PMOS transistor 01 and the NMOS transistor Q2 is connected to a 
circuit system (hereinafter "3.3V-system circuit") LC. 

15 In the stepdown circuit having such a structure, to the gate electrodes of the 

PMOS transistor Ql and the NMOS transistor Q2, the 5V-signal from the input 
pad ND is supplied (hereinafter "5V-system circuit HC"). On the other hand, to 
gate electrodes of MOS transistors which form the 3,3V-system circuit LC, 3.3V 
which is an output from the 5V-system circuit HC is supplied. 

20 In this manner, in the circuit systems in which different voltages are applied 

to the gate electrodes, the thicknesses of the gate oxide films of the MOS transistors 
which form the circuit systems have to be different from each other. This is 
because if the thicknesses of the gate oxide films of the MOS transistors of the 
5V-system circuit HC are made the same as those of the gate oxide films of the 

25 MOS transistors of the 33V-system circuit LC, a problem regarding an insulating 
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capability is created. Conversely, if the thicknesses of the gate oxide films of the 
MOS transistors of the 3.3V-system circuit LC are made the same as those of the 
gate oxide films of the MOS transistors of the 5V-system circuit HC, operation 
speeds of the MOS transistors of the 3.3V-system circuit LC become slow, and 

5 therefore, a problem in terms of an operation characteristic is created. 

To deal with this, MOS transistors in which gate oxide films having different 
thicknesses from each other are customarily used. This requires a step for forming 
the gate oxide films which have different thicknesses from each other, which makes 
manufacturing steps complex. 

10 However, according to the present invention, it is not necessary to change the 

thicknesses of the gate oxide films between the 5V-system circuit HC and the 
3.3V-system circuit LC, and therefore, the manufacturing steps are simplified. 
<5-l. Structure Of Device> 

Fig. 64 shows a manufacturing step for manufacturing a high-voltage circuit 
15 portion HP, which is formed by a MOS transistor HI in which a relatively high 
voltage is applied to a gate electrode, and for manufacturing a low voltage circuit 
portion LP, which is formed by a MOS transistor LI in which a relatively low 
voltage is applied to a gate electrode, as the fifth preferred embodiment of the 
present invention. 

20 In Fig. 64, MOS transistors HI and LI are formed within a well layer 1002 

which is formed on the same semiconductor substrate 1001. The well layer 1002 
is element-separated by a channel cut layer 1003 which is formed within the well 
layer 1002 and a LOCOS layer 1004. A channel dope layer 1005 is formed in 
regions which are element-separated by the channel cut layer 1003 and the LOCOS 

25 layer 1004. 
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An oxide film 1006 is formed on a main surface of the semiconductor 
substrate 1001, and a polysilicon layer 1007 is formed on the oxide film 1006. An 
impurity is introduced into the polysilicon layer 1007 by ion implantation. With 
respect to the type of the impurity, when the MOS transistors are to be of the N- 

5 channel type, phosphorus (P) ions, for instance, are implanted with the energy of 
30 keV and at a dose of 5 x lO^Vcm'^, On the other hand, when the MOS transistors 
are to be of the P-channel type, boron (B) ions, for instance, are implanted with 
the energy of 10 keV and at a dose of 5 X lO^Vcm^, The thickness of the oxide film 
1006 is an appropriate thickness which is suitable to a voltage which is applied to 

10 a gate electrode of the MOS transistor LI. 

A nitrogen-introduced region N40 is formed in the vicinity of the oxide film 
1006, within the polysilicon layer 1007 of the high-voltage circuit portion HP. 

Fig. 65 is a partial perspective view showing the low voltage circuit portion 
LP. In Fig. 65, a cross sectional taken along D-D' line corresponds to the low 

15 voltage circuit portion LP which is shown in Fig. 65. Within the well layer 1002 
which is located externally to the both sides of the polysilicon layer 1007, a 
source/drain region will be formed at a later time. 

Nitrogen ions are implanted with the energy of 10 keV and at a dose of 
1 X lO^Vcm*^, to form the nitrogen-introduced region N40. At this stage, a resist 

20 mask is formed on the polysilicon layer 1007 of the low voltage circuit portion LP, 
so that nitrogen will not be implanted. 

Thus, since the nitrogen-introduced region N40 is formed in the vicinity of 
the oxide film 1006 within the polysilicon layer 1007 of the high-voltage circuit 
portion HP, diffusion of the impurity in the vicinity of the oxide film 1006 is 

25 suppressed, so that the impurity concentration becomes low in the vicinity of the 
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oxide film 1006. Therefore, when the MOS transistor HI operates, a depletion 
layer is created within the gate electrode, the oxide film becomes effectively thick, 
and the threshold value becomes high. Hence, even when the thickness of the 
oxide film 1006 is not appropriate to a voltage which is supplied to the gate 
5 electrode of the MOS transistor HI, an electric field upon the oxide film 1006 is 
small. This prevents dielectric breakdown of the oxide film 1006, and improves the 
reliability of the MOS transistor HI. 

On the other hand, since the nitrogen ions are not implanted into the 
polysilicon layer 1007 of the MOS transistor LI, when the MOS transistor 
10 Lloperates, a depletion layer is not formed within the gate electrode, and hence, the 
oxide film does not become effectively thick. 

<5-2. Characteristic Function And Effect> 

As described above, even when there are the high-voltage circuit portion HP 
which is formed by the MOS transistor HI in which a relatively high voltage is 

15 applied to the gate electrode and the low voltage circuit portion LP which is formed 
by the MOS transistor LI in which a relatively low voltage is applied to the gate 
electrode, it is only necessary to form the oxide films in such a manner that the 
oxide films are appropriate to the MOS transistor LI. This simplifies the 
manufacturing steps than where it is necessary to form the oxide films separately, 

20 Further, a nitrogen-introduced region is not formed within the polysilicon 

layer 1007 on the MOS transistor Hlin the low voltage circuit portion LP, a 
depletion layer is not formed and the thickness of the oxide film 1006 is the same 
as the effective thickness. In addition, since the thickness of the oxide film 1006 
is set thin in accordance with the MOS transistor LI, when a gate voltage is 

25 applied, the number of carriers which are created within the well layer 1002 is 
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increased, the source/drain current increases, and the operation speed becomes 
faster, thus obtaining a MOS transistor which has excellent operation characteristics. 

While the foregoing has described an example where nitrogen ions are not 
implanted into the polysilicon layer 1007 on the MOS transistor HI, nitrogen ions 

5 may not be implanted into the polysilicon layer 1007 on the MOS transistor HI. 

More specifically, as shown in Fig. 66, with respect to impurity implantation 
into the polysilicon layer 1007, the impurity is implanted into the polysilicon layer 
1007 of the high-voltage circuit portion HP and the low voltage circuit portion LP 
at a relatively low dose, 5 X lO^'^/cm^, for example. With respect to the type of the 

10 impurity, when the MOS transistors need to be the N-channel type, phosphorus (P) 
ions, for instance, are implanted with the energy of 30 keV. On the other hand, 
when the MOS transistors need to be the P-channel type, boron (B), for instance, 
are implanted with the energy of 10 keV. 

Next, as shown in Fig. 67, a resist mask RIO is formed so as to cover the 

15 polysilicon layer 1007 of the high voltage circuit portion HP from above. If 
impurity ions are implanted, the impurity is additionally implanted into the 
polysilicon layer 1007 of the low-voltage circuit portion LP. A dose is about 
5 X lO'Vcml 

Following this, nitrogen ions are implanted with the energy of 10 keV and at 
20 a dose of 1 X lO^Vcm-^, thereby forming the nitrogen-introduced region N40. 

In such a structure, within the polysilicon layer 1007 of the high voltage 
circuit portion HP, since the impurity concentration is low, a depletion layer is 
created in a large area and the effective thickness of the oxide film 1006 becomes 
thick. On the other hand, in the polysilicon layer 1007 of the low-voltage circuit 
25 portion LP, since the impurity concentration is high, the nitrogen-introduced region 



120 

N40 as well suppresses creation of a depletion layer during a device operation. 
Since nitrogen is introduced into the polysilicon layer 1007 of the low-voltage 
circuit portion LP, diffusion of the impurity toward the high voltage circuit portion 
HP is prevented. An impurity may not be introduced into the polysilicon layer 
5 1007 of the high voltage circuit portion HP at all. 
<5-3. First Modification> 

Although the foregoing has described the fifth preferred embodiment of the 
present invention in relation to an example where the polysilicon layer 1007 of one 
layer is formed on the MOS transistor HI of the low-voltage circuit portion LP and 
10 the high-voltage circuit portion HP and nitrogen ions are implanted into the 
polysilicon layer 1007, the polysilicon layer may have a dual-layer structure as 
described below. 

Fig. 68 shows a principal portion of the high-voltage circuit portion HP. In 
Fig, 68, a non-doped polysilicon layer 1020 and a doped polysilicon layer 1021 are 

15 formed in this order on the oxide film 1006. 

In this condition, when nitrogen ions are implanted from above into the doped 
polysilicon layer 1021 which is not coated with the resist mask R14, a nitrogen- 
introduced region (not shown) is formed within the non-doped polysilicon layer 
1020 of the high voltage circuit portion HP. 

20 As a result, the impurity does not diffuse into the non-doped polysilicon layer 

1020 from the doped polysilicon layer 1021, and therefore, when the MOS 
transistor HI of the high voltage circuit portion HP operates, a depletion layer is 
created within the non-doped polysilicon layer 1020, the oxide film 1006 becomes 
effectively thick, and a threshold value becomes high. Hence, even when the 

25 thickness of the oxide film 1006 is not appropriate to a voltage which is supplied 
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to the gate electrode of the MOS transistor HI, an electric field upon the oxide film 

1006 is small. This prevents dielectric breakdown of the oxide film 1006, and 
improves the reliability of the MOS transistor HI, 

The nitrogen ions are implanted with the energy of 10 keV and at a dose of 
5 1 XlO^Vcm-. 

<5-4. Second Modification> 

Although the foregoing has described the fifth preferred embodiment of the 
present invention in relation to an example where impurity ions are implanted into 
the entire region (including the region on the LOCOS layer 1004) of the polysilicon 
10 layer 1007 on the active region on the MOS transistor HI of the high-voltage 
circuit portion HP, nitrogen ions may be implemented locally into only an edge 
portion of the polysilicon layer 1007 as described below. 

Fig. 69 shows a principal portion of the high-voltage circuit portion HP. Fig. 
69 omits the channel cut layer 1003 and the channel dope layer 1005. 
15 In Fig. 69, a resist mask R12 is formed in such a manner that there is an 

opening portion on the polysilicon layer 1007 at the central portion of the active 
region AL which is surrounded from the both sides of the LOCOS layer 1004. 
In this condition, when nitrogen ions are implanted into the polysilicon layer 

1007 which is not covered with the resist mask R12 from above, the nitrogen ions 
20 are introduced into the polysilicon layer 1007 at the edge portion of the active 

region AL, whereby the nitrogen-introduced region N40 is formed. 

The nitrogen ions are implanted with the energy of 10 keV and at a dose of 
1 X lO'Vcml 

Hence, when the MOS transistor HI operates, the range in which a depletion 
25 layer is formed expands within the polysilicon layer 1007 at the edge portion of the 
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active region AL, the effective thickness of the oxide film does not increase, the 

thickness of the oxide film becomes effectively thick, and a threshold value 

becomes high partially. 

When a threshold value may become high partially, this structure may he 
5 applied not only to the MOS transistor LI of the high-voltage circuit portion HP 

but also to the MOS transistor LI of the low-voltage circuit portion LP. 

Although adopting such a structure does not create many advantages in a 

MOS transistor which is formed on a bulk silicon substrate, in a MOS transistor 

which is formed on an SOI (silicon on insulator) substrate, adopting such a 
10 structure solves a problem of a deteriorated threshold value due to the structure of 

the edge portion of the active region AL. 

Fig. 70 shows a MOS transistor which is formed on an SOI (silicon on 

insulator) substrate. The SOI substrate 1010 is formed by a silicon substrate 1013, 

a buried insulation film 1012 which is formed on the silicon substrate 1013, and an 
15 SOI layer which is formed on the buried insulation film 1012, and forms a MOS 

transistor formed on an SOI layer 1011. The SOI layer 1011 has a thin thickness. 

As shown in a portion which is indicated at E-E' line, in particular, in Fig. 64, in 

the edge portion of the active region AL, the SOI layer 1011 is extremely thin. 

The threshold value of the MOS transistor in this portion decreases lower than in 
20 other portion (which is indicated at F-F line). Hence, there is a problem that the 

threshold value of the MOS transistor as a whole becomes low. 

However, according to the present invention, the nitrogen-introduced region 

N50 is formed within the polysilicon layer 1007 on the edge portion of the active 

region AL, the range in which a depletion layer is formed becomes larger, the 
25 effective thickness of the oxide film becomes thick^^and a threshold value is 
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partially increased. Thus, the problem is solved. 

While the foregoing has described the fifth preferred embodiment of the 
present invention and the modification thereof in relation to an example of a 
semiconductor device which is basically formed on a bulk silicon substrate, it is 

5 needless to mention that the fifth preferred embodiment is applicable to a 
semiconductor device which is formed on an SOI substrate as described in relation 
to the second modification which is shown Fig. 70. 

Further, although the first to the third modifications of the fifth preferred 
embodiment are related to examples of applications to the high-voltage circuit 

10 portion HP, it is needless to mention that the modifications may be applied to the 
low voltage circuit portion LP. 

In addition, although the foregoing has described the fifth preferred 
embodiment of the present invention taking a stepdown circuit as an example, on 
a premise that the high-voltage circuit portion HP is disposed which is formed by 

15 the MOS transistor HI which receives a relatively high voltage at the gate electrode 
and the low voltage circuit portion LP is disposed which is formed by the MOS 
transistor LI which receives a relatively low voltage at the gate electrode, the 
present invention may be applied to a regular input/output circuit. That is, in an 
input/output circuit, a high voltage due to static electricity, e.g., a voltage which is 

20 higher than a power source voltage is supplied from outside to a gate electrode in 
some cases. However, when the present invention is applied, since the effective 
thickness of the gate oxide film is thick, even in this case, dielectric breakdown of 
the gate oxide film is prevented and an excellent input/output circuit is obtained. 
While the invention has been described in detail, the foregoing description is 

25 in all aspects illustrative and not restrictive. It is understood that numerous other 
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modifications and variations can be devised without departing from the scope of the 
invention. 
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We Claim: 

1. A semiconductor device comprising at least one transistor on a 
semiconductor substrate, wherein 

5 said at least one transistor comprises: 

a semiconductor layer of a first conductivity type which is formed in a surface 
of said semiconductor substrate; 

a channel dope layer of the first conductivity type which is formed selectively 
in said semiconductor layer; and 
10 a control electrode which is formed at a position which faces said channel 

dope layer, above said semiconductor layer, 

said control electrode comprises a polysilicon layer which internally includes 
an impurity of a second conductivity type and nitrogen, and 

said nitrogen is introduced to a lower portion of said polysilicon layer in such 
15 a manner that said impurity has a relatively high concentration in an upper portion 
of said polysilicon layer but has a relatively low concentration in said lower portion 
of said polysilicon layer, 

2. The semiconductor device of claim 1, wherein said at least one transistor 
20 includes at least two types of transistors, and said at least two types of transistors 

are structured so that concentrations of said nitrogen are different between said at 
least two types of transistors. 

3. The semiconductor device of claim 2, wherein said at least two types of 
25 transistors include a first to a third types of transistors. 
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said first type of transistor comprises: 

a pair of first semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
first type of transistor; and 
5 a first gate oxide film which is formed on said semiconductor layer of said 

first type of transistor, between said pair of first semiconductor regions, 

said channel dope layer of said first type of transistor is formed between said 
pair of first semiconductor regions, 

said control electrode of said first type of transistor includes: 
10 a first poly silicon layer which is formed on said first gate oxide film; and 

a first nitrogen-introduced region which is formed within said first polysilicon 

layer, 

said second type of transistor comprises: 

a pair of second semiconductor regions of the second conductivity type formed 
15 selectively and independently of each other within said semiconductor layer of said 
second type of transistor; and 

a second gate oxide film which is formed on said semiconductor layer of said 
second type of transistor, between said pair of second semiconductor regions, 

said channel dope layer of said second type of transistor is formed between 
20 said pair of second semiconductor regions, 

said control electrode of said second type of transistor includes: 

a second polysilicon layer which is formed on said second gate oxide film; 

and 

a second nitrogen-introduced region which is formed within said second 
25 polysilicon layer. 
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said third type of transistor comprises: 

a pair of third semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
third type of transistor; and 
5 a third gate oxide film which is formed on said semiconductor layer of said 

third type of transistor, between said pair of third semiconductor regions; 

said channel dope layer of said third type of transistor is formed between said 
pair of third semiconductor regions, 

said control electrode of said third type of transistor includes: 
10 a third polysilicon layer which is formed on said third gate oxide film; and 

a third nitrogen-introduced region which is formed within said third 
polysilicon layer, 

concentrations of said first to third nitrogen-introduced regions are different 
from each other, 

15 said first to said third gate oxide films have the same thickness, and 

said channel dope layers of said transistors of said first to said third types 
have the same impurity concentrations. 

4. The semiconductor device of claim 2, wherein said at least two types of 
20 transistors includes a first to a third types of transistors, 
said first type of transistor comprises: 

a pair of first semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
first type of transistor; and 
25 a first gate oxide film which is formed on said semiconductor layer of said 
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first type of transistor, between said pair of first semiconductor regions, 

said channel dope layer of said first type of transistor is formed between said 

pair of first semiconductor regions, 

said control electrode of said first type of transistor includes: 

a first polysilicon layer which is formed on said first gate oxide film; and 

a first nitrogen-introduced region which is formed within said first polysilicon 

layer, 

said second type of transistor comprises: 

a pair of second semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
second type of transistor; and 

a second gate oxide film which is formed on said semiconductor layer of said 
second type of transistor, between said pair of second semiconductor regions, 

said channel dope layer of said second type of transistor is formed between 
said pair of second semiconductor regions, 

said control electrode of said second type of transistor includes: 

a second polysilicon layer which is formed on said second gate oxide film; 

and 

a second nitrogen-introduced region which is formed within said second 
polysilicon layer, 

said third type of transistor comprises; 

a pair of third semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
third type of transistor; 

a third gate oxide film which is formed on said semiconductor layer of said 
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third type of transistor, between said pair of third semiconductor regions; 

a floating gate electrode which is formed on said third gate oxide film; and 
an inter-layer insulation film which is formed on said floating gate electrode, 
said channel dope layer of said third type of transistor is formed between said 
5 pair of third semiconductor regions, 

said control electrode of said third type of transistor includes: 

a third polysilicon layer which is formed on said third gate oxide film; and 

a third nitrogen-introduced region which is formed within said third 

polysilicon layer, 

10 a concentration of said first nitrogen-introduced region is higher than those 

of said second and said third nitrogen-introduced regions, 

said first and said second gate oxide films have the same thickness which is 

a first thickness, while said third gate oxide film has a second thickness which is 

thicker than said first thickness, and 
15 said channel dope layers of said transistors of said first to said third types 

have the same impurity concentrations. 

5. The semiconductor device of claim 2, wherein said at least two types of 
transistors includes a first to a third types of transistors, 
20 said first type of transistor comprises: 

a pair of first semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
first type of transistor; and 

a first gate oxide film which is formed on said semiconductor layer of said 
25 first type of transistor, between said pair of first semiconductor regions, 
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said channel dope layer is formed between said pair of first semiconductor 
regions, 

said control electrode of said first type of transistor includes: 
a first polysilicon layer which is formed on said first gate oxide film; and 
5 a first nitrogen-introduced region which is formed within said first polysilicon 

layer, 

said second type of transistor comprises: 

a pair of second semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
10 second type of transistor; and 

a second gate oxide film which is formed on said semiconductor layer of said 
second type of transistor, between said pair of second semiconductor regions, 

said channel dope layer of said second type of transistor is formed between 
said pair of second semiconductor regions, 
15 said second control electrode of said second type of transistor includes: 

a second polysilicon layer which is formed on said second gate oxide film; 

and 

a second nitrogen-introduced region which is formed within said second 
polysilicon layer, 
20 said third type of transistor comprises: 

a pair of third semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
third type of transistor; 

a third gate oxide film which is formed on said semiconductor layer of said 
25 third type of transistor, between said pair of third semiconductor regions; 
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said channel dope layer of said third type of transistor is formed between said 

pair of third semiconductor regions, 

said control electrode of said third type of transistor includes: 

a third polysilicon layer which is formed on said third gate oxide film; and 

a third nitrogen-introduced region which is formed within said third 

polysilicon layer, 

a concentration of said third nitrogen-introduced region is higher than those 

of said first and said second nitrogen-introduced regions, 

said first to said third gate oxide films have the same thickness, and 

said channel dope layers of said transistors of said first and said third types 

have the same impurity concentrations. 

6. A semiconductor device including at least one transistor on a 
semiconductor substrate, wherein 

said at least one transistor comprises: 

an active region which is defined by a field oxide film which is selectively 

formed on a major surface of said semiconductor substrate; 
an oxide film which is formed on said active region; and 
a control electrode which is formed on said oxide film and said field oxide 

film, said control electrode internally including a polysilicon layer into which an 

impurity of the same conductivity type as a source/drain layer and nitrogen are 

introduced, and 

said nitrogen is selectively introduced to a lower portion of said polysilicon 
layer on an edge portion of said active region in such a marmer that said impurity 
has a relatively high concentration in an upper portion of said polysilicon layer but 
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has a relatively low concentration in said lower portion of said polysilicon layer. 

7. The semiconductor device of claim 6, wherein said nitrogen is introduced 
at a dose of 1 X lO'Vcm' to 1 X lO'Vcml 

5 

8. A semiconductor device including at least one transistor on a 
semiconductor substrate, wherein 

said at least one transistor comprises: 

an active region which is defined by a field oxide film which is selectively 
10 formed on a major surface of said semiconductor substrate; 

an oxide film which is formed on said active region; and 
a control electrode which is formed on said oxide film and said field oxide 
film, said control electrode internally including a first polysilicon layer into which 
nitrogen is introduced and a second polysilicon layer into which an impurity of the 
15 same conductivity type as a source/drain layer is introduced. 

9. The semiconductor device of claim 8, wherein said nitrogen is introduced 
at a dose of 1 X lO^Vcm' to 1 X 10^^/cm^. 

20 10. A method of manufacturing a semiconductor device in which there are 

at least one transistor on a semiconductor substrate, comprising the steps of: 

(a) forming a semiconductor layer of a first conductivity type within a 
surface of said semiconductor substrate, at a position where said at least one 
transistor is formed; 

25 (b) selectively forming a channel dope layer of the first conductivity type 
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within said semiconductor layer of said at least one transistor, by ion implantation; 
and 

(c) forming a control electrode above said semiconductor layer of said at 
least one transistor, at a position facing said channel dope layer, wherein 
5 said step (c) includes a step (c-1) of forming a poly silicon layer which 

includes an impurity of a second conductivity type and nitrogen, and 

said step (c-1) includes a step of introducing said nitrogen to a lower portion 
of said polysilicon layer. 

10 11. The method of manufacturing a semiconductor device of claim 10, 

wherein said at least one transistor includes a first to a third types of transistors, 
said step (c) comprises the steps of: 

forming an oxide film on said semiconductor layers of said first to the third 
types of transistors; 
15 forming a first polysilicon layer on said oxide film; 

introducing an impurity of the second conductivity type into said first 
polysilicon layer, to thereby form a second polysilicon layer; 

introducing nitrogen into a lower portion of said second polysilicon layer at 
a dose nl, to thereby form a first nitrogen region; 
20 masking over said second polysilicon layer at a position at which said first 

type of transistor is formed and introducing nitrogen into said first nitrogen region 
within a remaining portion of said second polysilicon layer at a dose n2 to thereby 
form a second nitrogen region; 

masking over said second polysilicon layer at a position at which said second 
25 type of transistor is formed and introducing nitrogen into said second nitrogen 
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region within a remaining portion of said second polysilicon layer at a dose n3 to 
thereby form a third nitrogen region; and 

selectively removing said second polysilicon layer and said oxide film by 
patterning, to thereby form: 
5 a first gate oxide film and said control electrode of said first type of transistor, 

on said semiconductor layer of said first type of transistor; 

a second gate oxide film and said control electrode of said second type of 
transistor, on said semiconductor layer of said second type of transistor; and 

a third gate oxide film and said control electrode of said third type of 
10 transistor, on said semiconductor layer of said third type of transistor. 

12. The method of manufacturing a semiconductor device of claim 10, 
wherein said at least one transistor includes a first to a third types of transistors, 
said step (c) comprises the steps of: 
15 forming a first oxide film having a first thickness on said semiconductor layers 

of said first to said third types of transistors; 

selectively forming a first polysilicon layer which uniformly has an impurity 
of the second conductivity type on said first oxide film on said semiconductor layer 
of said third types of transistor; 
20 selectively forming an insulation film on said first polysilicon layer while 

removing said first oxide film at positions where said first and said second types 
of transistors are formed; 

forming a second oxide film having a second thickness which is thinner than 
said first thickness on said semiconductor layer of said first of transistor and said 
25 second types of transistor; 
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forming a second polysilicon layer on said second oxide film and said 
insulation film; 

introducing nitrogen into a lower portion of said second polysilicon layer at 
a dose nl to thereby form a first nitrogen region; 
5 masking over said second polysilicon layer at a position at which said second 

and said third types of transistors are formed and introducing nitrogen into said first 
nitrogen region within a remaining portion of said second polysilicon layer at a 
dose n2 to thereby form a second nitrogen region; and 

selectively removing said second polysilicon layer and said first and said 
10 second oxide films by patterning, to thereby form: 

a first gate oxide film and said control electrode of said first type of transistor, 
on said semiconductor layer of said first type of transistor; 

a second gate oxide film and said control electrode of said second type of 
transistor, on said semiconductor layer of said second type of transistor; and 
15 a third gate oxide film, a floating gate electrode, an inter-layer insulation film 

and said control electrode of said third type of transistor, on said semiconductor 
layer of said third type of transistor, 

13, The method of manufacturing a semiconductor device of claim 10, 
20 wherein said at least one transistor includes a first to a third types of transistors, 
said step (b) comprises a step of forming said channel dope layers of said first 
and said third types of transistors so that said channel dope layers have the same 
impurity concentration, 

said step (c) comprises the steps of: 
25 a step of forming an oxide film on said semiconductor layers of said first to 
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said third types of transistors; 

forming a first polysilicon layer on said oxide film; 

introducing an impurity of the second conductivity type into said first 
polysilicon layer thereby form a second polysilicon layer; 
5 introducing nitrogen into a lower portion of said second polysilicon layer at 

a dose nl to thereby form a first nitrogen region; 

masking over said second polysilicon layer at a position at which said first and 
said second types of transistors are formed and introducing nitrogen into said first 
nitrogen region within a remaining portion of said second polysilicon layer at a 
10 dose n2 to thereby form a second nitrogen region; and 

selectively removing said second polysilicon layer and said oxide film by 
patterning, to thereby form: 

a first gate oxide film and said control electrode of said first type of transistor, 
on said semiconductor layer of said first type of transistor; 
15 a second gate oxide film and said control electrode of said second type of 

transistor, on said semiconductor layer of said second type of transistor; and 

a third gate oxide film and said control electrode of said third type of 
transistor, on said semiconductor layer of said third type of transistor. 
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ABSTRACT OF THE DISCLOSURE 

In a semiconductor device and a method of manufacturing the same according 
to the present invention, a trade-off relationship between threshold values and a 
diffusion layer leak is eliminated and it is not necessary to form gate oxide films 
at more than one stages. Since doses of nitrogen are different from each other 
between gate electrodes (4 A to 4C) of N-channel type MOS transistors (T41 to 
T43), concentrations of nitrogen in the nitrogen-introduced regions (Nl to N3) are 
accordingly different from each other. Concentrations of nitrogen in the gate 
electrodes are progressively lower in the order of expected higher threshold values. 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET JL OF^ 



FIG. 1 



Ml 




CONCENTRATION 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF 56 




F I G. 4 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET 3 OF^ 



F I G. 5 




SENSE PERIPHERAL MEMORY CELL 

AMPLIFIER CIRCUIT ARRAY PORTION 

PORTION PORTION 



F I G. 6 




DEPTH ( m ) 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _4_ 0¥_5&. 




F I G. 8 



X 



Ll 




SENSE 

AMPLIFIER 

PORTION 



PERIPHERAL 

CIRCUIT 

PORTION 



MEMORY CELL 
ARRAY PORTION 



:EFFECTIVE OXIDE FILM THICKNESS 



H^ACTUAL OXIDE FILM THICKNESS 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 

SHEET OF_lfi. 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF_5fi- 



FIG. 11 




101 



FIG. 12 



wimiimmiiifi, 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET JZ_ OF 56 



FIG. 13 



421 
-N2 




101 



FIG. 14 



R205 



U U i/U u 



Nl- 



V22ZZZZZZZZ7ZZZZ 



-421 
-N3 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _S_ OF_^ 



FIG. 15 

R206 R206 R206 




FIG. 16 

200 




HIGH-VOLTAGE PERIPHERAL MEMORY CELL 

RESISTANT CIRCUIT ARRAY PORTION 

PORTION PORTION 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _9_ OF_5fi_ 



FIG. 17 




POLYSILICON ; ; BULK Si 

^ 

DEPTH { fjim) 



FIG. 18 




DEPTH ( // m ) 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _1(L_ 0¥_5^ 



FIG. 19 



1 




HIGH-VOLTAGE 

RESISTANT 

PORTION 



PERIPHERAL 

CIRCUIT 

PORTION 



MEMORY CELL 
ARRAY PORTION 



EFFECTIVE OXIDE FILM THICKNESS 



:ACTUAL OXIDE FILM THICKNESS 



FIG. 2 0 



22 B"^ 22 



120 

'7ZZZZZZZZZZZZZ. 




120 



120 



-122 
-121 

-21 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET 11 OF 56 



FIG. 2 1 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF_Jfi_ 



FIG. 2 4 




FIG. 2 5 




FIG. 2 6 



AL 


2 2 AL 


R222 


1 / , ) 






















1 


1 1 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET 13 OF 56 



FIG. 2 7 



120 




FIG. 2 8 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _14_ OF 56 



FIG. 2 9 




FIG. 3 0 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _15_ 0¥_56. 



FIG. 3 1 




FIG. 3 2 



R227 




HIGH-VOLTAGE SENSE MEMORY CELL 

RESISTANT AMPLIFIER ARRAY PORTION 

PORTION PORTION 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _L6^ OF_^ 



FIG. 3 3 

R227 R227 R227 




FIG. 3 4 



T61 



T62 



T63 300 




V 

LOGIC 
PORTION 



SENSE 

AMPLIFIER 

PORTION 



MEMORY CELL 
ARRAY PORTION 



DRAM 

PORTION 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET ai_ 



F I G. 3 5 



CD 3: 
O Cad 

e- a: 




;POLYSILICON ; 



SiO. 



BULK Si 
DEPTH ( m ) 



FIG, 3 6 




c-c 



POLYSILICON 




SiO. 



BULK Si 
DEPTH { lum) 



OBLONETAL (703) 413-3000 
DOCKET #0057-2534-2YYDIV 

SHEET _l&_OF_56- 



F I G. 3 7 



—3 OO 
, — 1 j>o 



o 



Li 



LOGIC 
PORTION 



1 



SENSE 

AMPLIFIER 

PORTION 



MEMORY CELL 
ARRAY PORTION 



:EFFECTIVE OXIDE FILM THICKNESS 
:ACTUAL OXIDE FILM THICKNESS 



FIG, 3 8 



52 



B 




150 



2223 



ZZZZZZZZZZZZ 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF_5fi- 




F I G. 4 0 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF_56. 



FIG, 4 1 




FIG, 4 2 



i i ilLLl±iA I ill 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF_5fi. 



FIG. 4 3 



U i i i u u 




LOGIC 
PORTION 



PERIPHRAL 

CIRCUIT 

PORTION 



MEMORY CELL 
ARRAY PORTION 



FIG. 4 4 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _22_ OF^ 



FIG. 4 5 



T73 




Y 

LOGIC 

PORTION 



HIGH-VOLTAGE 
RESISTANT 
PORTION 
J 



MEMORY CELL 
ARRAY PORTION 



FLASH MEMORY 
PORTION 



FIG. 4 6 




DEPTH ( ju m ) 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _23_ OF_56- 



F I G. 4 7 



SiO. 



-< 
Da 
e— ^ 
— z 

Oa Cz3 

a. 2: 
S o 



'OLYSILICONIONO 



POLY- 
SILICON 




BULK Si 




POLYSILICON 



SiO. 



I I 
I I 



FIG. 4 8 



DEPTH ( /Jtm) 



o e— 




LOGIC HIGH-VOLTAGE MEMORY CELL 
PORTION RESISTANT ARRAY PORTION 
PORTION 



:EFFECTIVE OXIDE FILM THICKNESS 
:ACTUAL OXIDE FILM THICKNESS 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF_56- 



F I G. 4 9 



2Z2ZD 



170 

7ZZZZZZZZZZZZ2Z 




<ZZlZZIZ^ZZZZ> 

170 

'ZZZZZZZZZZZZZZZZ 




170 




FIG. 5 0 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF_5fi_ 



FIG. 5 1 




FIG. 5 2 




LL 



1 



AL 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _2h_ OF^ 



FIG. 5 3 



72 




FIG. 5 4 




FIG. 5 5 



72 AL 



R272 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET JH- OF_5fi_ 



FIG. 5 6 





OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _2B- OF_56- 



FIG. 5 8 



791 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _2S^ OF_56_ 



FIG. 6 0 



R275 




FIG. 6 1 




HIGH-VOLTAGE 
RESISTANT 
PORTION 



MEMORY CELL 
ARRAY PORTION 



Y 

LOGIC 
PORTION 



FLASH MEMORY 
PORTION 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF_5fi. 



FIG. 6 2 



R276 R276 R276 




FIG. 6 3 



HC 



PD 



5 V 





y cc 



Vcc 



NDl 



^ ND2 




GND 



Q2 



GND 



3.3V- 
SYSTEM 



Vout 



\ 

LC 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _2L. OF 56 



FIG. 6 4 



HI LI 

/ / 




HP LP 



FIG. 6 5 



1002 




1002 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET ^2_ OF 56 



FIG. 6 6 



HI LI 




1003 




1007 



<3 



-1006 
■1004 
003 



1002 
1001 



/ 

H P 



\ 

L P 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _31_ OF 56 



FIG. 6 8 



HI 





ST" 



•1002 
■1001 



/ 

H P 



FIG. 6 9 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET 0¥_56_ 



FIG. 7 0 




FIG. 7 1 



ADDRESS BUFFER 



REFRESH 
CIRCUIT 




604 



Y-DECODER 



601 

MEMORY 

CELL 

ARRAY 




SENSE 
AMPLIFIER 



607 602 X-DECODER 



600 



605 606 




^ROW/COLUMN 
CLOCK CIRCUIT 

-PASS CIRCUIT 



■608 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _25_ OF 56 



FIG. 7 2 



Tl T2 T3 




SENSE PERIPHERAL MEMORY CELL 

AMPLIFIER CIRCUIT ARRAY PORTION 

PORTION PORTION 



FIG. 7 3 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET J6_OF_56_ 



FIG. 7 4 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF^ 



FIG. 7 7 




FIG. 7 8 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET 38 OF_56_ 



FIG. 7 9 



R203 R203 R203 




FIG. 8 0 



700 



CHARGE 
PUMP 
CIRCUIT 



ADDRESS 
BUFFER 



710 703 704 



OPERATION 
CONTROL 
CIRCUIT 




709 702 



Y-DECODER 



701 

MEMORY 

CELL 

ARRAY 



DATA 

REGISTER 



SENSE 
AMPLIFIER 



705 706 




ROW/COLMUN 
CLOCK CIRCUIT 



PASS CIRCUIT 



-707 
-70 8 



X-DECODER 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _29_ OF 56 



FIG. 8 1 



127 




126' 



HIGH-VOLTAGE PERIPHERAL 
RESISTANT CIRCUIT 
PORTION PORTION 



MEMORY CELL 
ARRAY PORTION 



FIG. 8 2 



-J oo 
I— ' C/O 



HIGH-VOLTAGE 

RESISTANT 

PORTION 



PERIPHERAL 

CIRCUIT 

PORTION 



MEMORY CELL 
ARRAY PORTION 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _4Q_ OF^ 



FIG. 8 3 



22 




FIG. 8 5 



OBLON ET AL (703) 413-3000 
DOCPCET # 0057-2534-2YY DIV 
SHEET _AL. OF 56 



FIG. 8 6 




LL 



R221 



Kv^^.K\^v,^W6K'^\^k\^<^ . — ^221 



AL 



FIG. 8 7 




FIG. 8 8 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _42_ OF^ 



FIG. 8 9 



AL 22 AL 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _41_ OF_5^ 



FIG. 9 2 



22 AL R223 




FIG. 9 4 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET ^44_ OF^ 



FIG. 9 5 



R224 




FIG. 9 6 






i. 












I: 



R224 
AL 

4- 



1=1 



FIG. 9 7 



8 0 0 



DRAM 



DRAM 



LOGIC PORTION 



DRAM 



DRAM 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET 45 OF_^ 



FIG. 9 8 




T23 



157 













1 1 




1 1 





-51 



SENSE AMPLIFIER 
PORTION 



MEMORY CELL 
ARRAY PORTION 



LOGIC 
PORTION 



DRAM 
PORTION 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET 46 OF^ 



FIG. 10 0 



—3 m 

•—I CO 
I— I *—^ 



LOGIC 
PORTION 



SENSE 

AMPLIFIER 

PORTION 



MEMORY CELL 
ARRAY PORTION 



FIG. 10 1 



\ i i£u Till u u 




-151 



-51 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET ^l_OF^ 



FIG. 10 2 



'CZZ 



154 


1222^ 154 ^6 






\ 






151 



-51 



FIG. 10 3 



R251 



i 1 1 WW 




ZZZ2ZZZZ2ZZZZZZ2^ 



153 



-151 
-152 

-51 



FIG. 10 4 



R252 



i lU U U U I 




-151 
-15 2 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET ^4S_ OF^ 



FIG. 10 5 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _49^ OF_56. 



FIG. 10 8 




FIG. 10 9 



R254 R254 R254 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET ^fl_ OF 56 



FIG. 110 

9 0 0 



FLASH 

MEMORY 

PORTION 




LOGIC 
PORTION 




FLASH 

MEMORY 

PORTION 


LOGIC 
PORTION 




SRAM 
PORTION 



FIG. Ill 



T31 T32 T33 




LOGIC FLASH MEMORY 

PORTION PORTION 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF 56 



FIG. 112 




»— ^ I-— ( 



LOGIC HIGH-VOLTAGE MEMORY CELL 
PORTION RESISTANT ARRAY PORTION 
PORTION 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET 52 OF 56 



FIG. 114 



175 




173 




175 



■17 2 
-171 

-71 



FIG. 115 



120 




FIG. 116 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _32_ OF_Jfi. 



FIG. 117 



AL 

1 / 1 1 


72 AL 


LL 


1 


[/ 1 / 1 I 






















1 


1 L_ 





.R261 



FIG. 118 




FIG. 119 



OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET OF^ 



FIG. 12 3 



AL R263 R263 




OBLON ET AL (703) 413-3000 
DOCKET # 0057-2534-2YY DIV 
SHEET _5l^OF_56_ 



FIG. 12 6 



R264 




FIG. 12 7 



R264 R264 R264 




0039-2534-2YY DIV 

IN THE UNITED STATES PATENT & TRADEMARK OFFICE 



IN RE APPLICATION OF: 

Shuichi UENO et al. 

SERIAL NO: NEW APPLICATION 

FILED: HEREWITH 

FOR: SEMICONDUCTOR DEVICE 
AND METHOD OF 
MANUFACTURING THE SAME 



: EXAMINER: UNASSIGNED 



: GROUP ART UNIT: UNASSIGNED 



LETTER REQUESTING APPROVAL OF DRAWING CHANGES 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Please review for approval the proposed changes to the Formal Drawings shown in 
RED on the attached photocopies of the drawings. 

Once these changes have been reviewed and approved by the Examiner in charge of 
this case, instructions for their implementation will be forwarded to an approved bonded 
draftsman. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

Gregory J. Maier 
Attorney of Record 
Registration No: 25,599 

Carl E. Schlier 
Registration No: 34,426 

Crystal Square Five - Fourth Floor 

1755 Jefferson Davis Highway 

Arlington, Virginia 22202 

(703)413-3000 

Fax No. (703)413-2220 

/jfb 



FIG. 11 



I \ lib iUl^ ^ ^ ^ 




FIG. 12 




101 



FIG. 4 5 




HIGH-VOLTAGE 

RESISTANT 

PORTION 



MEMORY CELL 
ARRAY PORTION 



Y 

LOGIC 
PORTION 



FLASH MEMORY 
PORTION 




DEPTH { lum) 



FIG. 6 0 



R275 




FIG. 6 1 



R276 




HIGH-VOLTAGE MEMORY CELL 
RESISTANT ARRAY PORTION 

PORTION 



LOGIC FLASH MEMORY 

PORTION PORTION 



FIG. 6 8 




N 



R12 



N 



uuu 




1007 / 1006 
AL 



Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



TiatOlfciS <D^^^ i L *ILliWT(^ia *) S"ir L ^-f. as « bclow named inventor, I hereby decUre that: 



My residence, post office address and citizenship are as stated 
next to my name. 



I believe ( am the original, first and sole inventor (if only one name 
is listed below) or an original, first and Joint inventor (if plural 
names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

SEMICONDUCTOR DEVICE AND METHOD OF 

MANUFACTURING THE SAME 



±K?5^0^J©2F (TI^C0^a"Cx^li^ov^TV^7tV^S'g•tl, the specification of which is attached hereto unless the following 
^^fCl^ft) box is checked: 



□ 



□ 



was filed on 

as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable). 



I hereby state that 1 have reviewed and understand the contents of j 
the above identified specification, including the claims, as 
amended by any amendment referred to above. t 



fill, Mnmm^^m3 7^mi^s e^^iz-^^^K^t 



I acknowledge the duty to disclose infomiation which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 



PTO/SB/106 Rev. 7/95 
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Patent and Trademark Office - U.S, DEPARTMENT OF COMMERCI 



Japanese Language Dectaratf 

(S:$:|§2"HiS) 



afi, *S^»«3 5S1 1 9*(a)-(d)«XI±3 6 5^ 
S:LTV^5#ffta^J^l^l 3 6 5 (a)S{2:3£i*<HlSfflS. X 



Prior Foreign Appiication(s) 

9-123941 (P) 

(Number) 
(»*) 

(Number) 



Japan 



(Country) 



(Country) 



I hereby claim foreign priority under Title 35, United States Code 
Section 119 (a)-<d) or 365(b) of any foreign appUcation(s) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application wtiich designated at least one country other than the 
United SUteSt listed below and have also identiried below, by 
checking the box. any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
t>efore that of the application on which priority is claimed. 

Priority Not Claimed 

May 14. 1997 



(Day/MonthA^ear Filed) 



□ 



(Day/Month/Year Fiied) 



I hereby claim the benefit under Title 35, United States Code. 
Section 119(e) of any United States provisional appltcation(s| listed 
below. 



(Appiication No,) 



(Filing Date) 
(£aH0) 



(Appiicatton No.) 
(fct3ffl#-e^) 



(Filing Date) 
(milB) 



* s.ii. Tm(Dz^mmmm3 sm 12 o^KlSv^rTI^^o3t^: 



i hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States appltcatton(s), or 365(c) of any 
PCT International appiicatton designating the United States, listed 
t>elow and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose infoimation which ts material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior appiicatton and the national or PCT International filing date of 
application. 



{Application No ) 



(Application No 



fPtltng Date) 
iriling Date) 



(Status Patented, Pending. Abandoned) 
(Status Patented, Pending. Abandoned) 



i hereby declare that alt statements made herein of my own 
knowledge are true and that all statements made on mformation 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false s; itements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Patent and Trademark Office - U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 

m^Vt : ^itTtl(D^Bnmtbr. :^dtiSiiCK11-^-^?]cn POWER OF ATTORNEY: As a named inventor. I hereby 

=Pi** I -r '*i:;;+x4±T5-*-* t I appoint the following attorney(s) and/or agent(s) to prosecute 

^:*:i???F^^S;^t^Jt UT^fTT^^tStt^rciilXiSA ^^^^ application and transact all business in the Patent and 

tl^X. TiB<75#^tB^v.\/c 1/ 1 To Trademark Office connected therewith, (list name and 

(#li± . t tz [i.itm.X<r)&:^^xy^U*^- € miE<D Z t ) registration number) 

Norman F. Obton, Registration Number 24,618; Marvin J. Spivak, RegisUation Number 24,913; C. in/in McClelland, Registration Number 
21 ,1 24; Gregory J. Maier, Registration Number 25,599; Arthur !. Neustadt, Registration Number 24,854; Richard D. Kelly, Registration Number 
27!757; James D. Hamilton. Registration Number 28,421; Eckhard H. Kuesters, Registration Number 28,870; Robert T Rous, Registration 
Number 29,099; Charles L. Gholz, Registration Number 26,395; Vincent J. Sunderdick. Registration Number 29,004; William E. Beaumont, 
Registration Number 30,996; Steven B. Kelber, Registration Number 30,073; Robert R Gnuse, Registration Number 27,295; Jean-Paul Lavalteye, 
Registration Number 31 ,451 ; Timothy R. Schwartz, Registration Number 32,171 ; Stephen G. Baxter, Registration Number 32,884; Martin M. 
Zoltick. Registration Number 35.745; Robert W. Hahl, Registration Number 33,893; Richard L. Treanor, Registration Number 36,379; Steven R 
Weihrouch, Registration Number 32,829; John T. Goolkasian, Registration Number 26,142; Marc R. Labgold, Registration Number 34,651; 
William J. Heaiey, Registration Number 36,1 60; Richard L. Chinn, Registration Number 34,305; Steven E. Upman, Registration Number 30,01 1 ; 
Carl E. Schlier, Registration Number 34,426; James J. Kulbaski. Registration Number 34,648; Catherine B. Richardson. Registration Number 
39,007; Richard A. Neifeld, Registration Number 35,299; J. Derek Mason, Registration Number 35,270; and Jacques M. Dutin, Registration 
Number 24,067, with full powers of substitution and revocation. 



tf*^y^i^9c Send Correspondence to: 

Oblon, Spivak, McClelland, Maier & Neustadt, P.C. 



Fourth Floor 
1755 Jefterson Oavis Highway 
Arlington. Virginia 22202 USA 



: {^mi:5i>'£l£#^) DirectTeiephone Calls to: (name and telephone number) 

(703) 413-3000 





Full name of sole or first inventor , . 

Shuichi UENO 




inventor's signature Date 

.^^S^JiX- (^"(m^ October 8, 1997 




Residence TOKYO, JAPAN 


an 


Citizenship JAPAN 




Post Office Address 

c/o Mitsubxshi Denki 
Kabushiki Kaisha, 2-3, Marunouchi 
2-chome, Chivoda-ku, TOKYO 100 JAPAN 




Full name of second joint inventor, if any ^ ^ ^ 

Yoshinori OKUMURA 




Second inventor's signature jp Date 

^'^ftr^'i^^ 0%«fyu^^t^ October 8. 1997 




Reiidence TOKYO, JAPAN 


mn 


Citizenship JAPAN 




Post Office Address ^ . 

c/o Mitsubishi Denki 
Kabushiki Kaisha, 2-3, Marunouchi 
2-choine, Chiyoda-ku, TOKYO 100 JAPAN 


- i-:i^^^n^R^afl#lC0L^T t;IS]titCiatt ^g^^pply 5,^^,3, jniormation and signature for third and sub 
M^^T ^ Z t) sequent joint inventors.) 

Page 3 of 4 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 





Full name of thrid joint inventor, if any , . , 

Shigenobu MAEDA 




Third kiventor's signature Date 

HL^tA^^^ 4?,t^^ Octx>ber 8, 1997 




Restderfi^e 

TOKYO , JAPAN 




Citizenship -r*^-»v^ 
JAPAN 




Post Office Address , . t_- -rv i- 

c/o Mitsubxshi Denki 
Kabushiki Kaisha, 2-3, Marunouchi 2- 
chome, Chiyoda-ku, TOKYO 100 JAPAN 






Fuil name of fourth joint inventor, if any , . „ 

Shigeto MAEGAWA 




Fourth Inventor's signature Date 

^liZ^I^ '/like^^j^^ October 8, 1997 




Residence ^ 

TOKYO, JAPAN 


in 


Citizenship -r* r^-^vT 
JAPAN 




Post Office Address , ^^-^ i- 

c/o Mitsubishi Denki 
Kabushiki Kaisha, 2-3, Marunouchi 2- 
chome, Chiyoda-ku, TOKYO 100 JAPAN 






Full name of fifth joint inventor, if any 


B^ 


Fifth Inventor's signature Date 


I im 


Residence 


in 


Citizenship 




Post Office Address 






Full name of sixth joint inventor, if any 




Sixth Inventor's signature Date 




Residence 


in 


Citizenship 




Post Office Address 



/c(i^fLUA(^<^»^(55feHS^(CjE:fLT tl^St^^li (Supply similar information and signature for third and 

J: XfM^ J" -5 C o ) subsequent joint inventors) 

Page 4 of 4 



Form PTO-FB-265 (8-83) 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



